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AND APPARATUS 
Peter C. Brockett, Milford, Conn., assignor, by mesme 

assignments, to Laboratory for Electronics, Inc., Bos 
ton, Mass., a corporation of Delaware 

Filied Feb. 12, 1958, Ser. No. 744,906 
16 Clains. (C. 340-35) 

This invention relates to a traffic actuated control sys 
tem and to a traffic signal controller for actuation by 
traffic in a master-local traffic control system in which 
a number of local controllers, each controlling the usual 
traffic signal or signals at an individual street intersection, 
are remotely controlled by a master controller as to some 
features of a time cycle, for operation of the trafic sig 
nal in desired coordinated relationship to permit smooth 
flow of traffic through the several controlled intersections. 
The present invention relates more particularly to a 

greatly improved local controller of the multiphase type 
for control of more than two traffic phases and adapted 
to be remotely controlled by a master controller and 
to be locally controlled by traffic actuation, as by cross 
traffic on two mutually interfering side streets or cross 
streets intersecting a main street for example, as well as 
to a traffic control system of this type. 

Various forms of traffic actuated control systems for 
individual intersections and groups of intersections are 
already well known in which the traffic signal time cycle is 
initiated or modified by actuation by the traffic itself, such 
known systems including a number of master-local traf 
fic control systems in which the time cycle of the local 
controller is supervised in several ways. 

U.S. Patent 2,542,978, issued February 27, 1951, to 
John L. Barker, assignor to Eastern Industries, Inc., for 
"Traffic Actuated Control Apparatus,' illustrates certain 
forms of master-local control systems in which the total 
time cycle of the local traffic signal controller and its 
“offset' from a reference "zero offset,” and consequently 
its time lag or lead with respect to other local controllers, 
is remotely controlled by the master controller, with the 
master controller actuated by traffic at sampling points 
for varying the time cycle length and selecting among 
several offsets in accordance with traffic demand, for ex 
ample. This prior patent also illustrates at least one 
way in which a traffic actuated local controller may be 
employed in such a master-local system. 
Another prior U.S. Patent 2,100,831, issued November 

30, 1937, to said John L. Barker, assignor to said Eastern 
Industries, Inc., for "Traffic Control System,” illustrates 
one form of traffic actuated control system and controller 
of the multi-phase type for more than two mutually in 
terfering lanes, as in the case of intersections of three 
roads or streets for example. As illustrated by said U.S. 
Patent 2,100,831 such multi-phase systems may normally 
include all of three traffic phases, such as A, B, and C 
phases, for example, in the traffic signal control cycle for 
three respective traffic lanes or streets in sequence in the 
presence of traffic on all such phases, but may omit or 
skip any phase in the absence of traffic on that phase, as 
determined by presence or absence of traffic actuation of 
traffic detectors associated with the respective traffic 
phases. 
As far as the present local controller or traffic actuated 

control system is concerned, the master controller may 
be itself actuated by traffic for varying the time cycle 
length or offset or division or "split' of the right-of-way 
signal periods between through traffic and cross traffic or 
other conflicting traffic flows or intersecting streets, or 
these features may be changed on program time basis 
of the master controller or otherwise remotely or by 
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2 
supervisory control, or such variations may be partly 
by master traffic actuation and partly by program tim 
ing, but the control of such variation by traffic actuation 
is preferred for greater flexibility, and in any event the 
present invention provides a greatly improved combina 
tion of local traffic actuated control of the multi-phase 
type, local time control and remote time control. 

In accordance with one aspect of the invention an im 
proved trafic actuated control system or a local con 
troller of the multi-phase type is provided with a traffic 
signal time cycle locally adjusted for distribution among 
several signal periods in desired percentage relation to 
a variable master control cycle and for desired offset re 
lation thereto, and with at least two out of three traffic 
signal right-of-way periods controlled by local traffic actu 
ation within limits determined by such master control 
cycle. 

Although the present invention is illustrated in the form 
of a controller and system for three traffic phases, one 
being non-actuated locally and the other two being in 
dividually traffic actuated locally, as on two side streets 
or cross streets having traffic actuated devices and inter 
Secting a main street not having traffic actuated devices at 
this location, this is provided as a preferred illustrative 
example of such system and it will be understood that by 
employing the teachings of the invention illustrated to 
add further steps to the signal cycle and further compo 
nents and circuitry of the types illustrated, additional traf 
fic phases either of the non-actuated or actuated type may 
be added to provide multi-phase operation for various 
combinations of non-actuated and actuated phases and 
for more than two or more than three traffic phases if 
desired. 
Thus from certain aspects the invention relates to a 

traffic actuated controller or traffic control system in which 
individual local controllers of the multi-phase semi-actu 
ated type may have individually adjusted distribution of 
their time cycle or "split' of signal periods among more 
than two traffic phases, as establishing limits for the pe 
riod as initiated or varied in accordance with traffic de 
mand by actuation, or may have several such individual 
"splits' with selection among such splits by remote con 
trol from the master controller, and with the total time 
cycle of the several local controllers determined and short 
ened or lengthened together by remote control from the 
master, while maintaining substantially the same per 
centage split desired. The invention also is adapted 
readily to the remote control of the offsets of the time 
cycles of the several signals controllers, and to a greatly 
improved method and means of changing offsets. 

In its preferred form the traffic actuated controller or 
control system according to the invention is designed for 
operation in a master-local control system in which cer 
tain of the signal changes in the signal time cycle are 
controlled or initiated at desired percentage points in 
the time cycle variably controlled by the master controller 
or in desired offset relation thereto. Such controller or 
control system is designed particularly for use in such 
master-local control system in which the remote control 
of timing by the master controller is provided by a very 
gradual progressive phase shift between a reference fre 
quency and a slightly differing control or variable fre 
quency to produce cyclic phase coincidences of the two 
frequencies at time periods of the order of the desired 
traffic signal cycle, and by employing coincidence 
response means such as coincidence gate circuits in the 
local controller for obtaining the desired percentage con 
trol points in the signal cycle. The frequency difference 

0 is varied at the master controller as desired to vary the 
length of the signal time cycle at the local controllers. 
A traffic control system of the type employing slow 



3. 
progressive phase shift between two electrical wave 
energies transmitted to the several local controllers and 
coincidence response thereto is the subject of a co-pending 
application S.N. 510,926, filed May 25, 1955, by said John 
L. Barker and assigned to the assignee of the present 
application, said co-pending application having since 
issued on January 20, 1961, as U.S. Patent 2,989,728. 

According to one aspect of the prior co-pending appli 
cation S.N. 510,926, a polyphase constant reference fre 
quency and a polyphase variable frequency are both gen 
erated at the master controller, with the variable fre 
quency derived from but having continuous gradual phase 
shift with respect to the reference frequency at an adjust 
able time rate, the time required for variable frequency 
to shift one cycle with respect to the reference frequency 
corresponding to the desired total traffic signal time cycle 
for example, the “variable frequency,” being variable in 
the sense that it is adjustable to the desired value of differ 
ence from the reference frequency for a desired signal 
cycle length but it is constant at such adjusted value for 
such particular length. 
The variable and reference frequencies are transmitted 

from the master controller to the several local controllers 
and at the latter these frequencies are applied to the sta 
tors of individual 360 degree potentiometers, one poten 
tiometer on each polyphase frequency circuit for example. 
Rotor arms providing adjustable position taps at 180 de 
gree spacing on such potentiometers take off voltages 
providing two sine wave single phase outputs, one of 
which shifts its time phase with respect to the other slowly 
and uniformly at the desired rate of phase shift of the 
master controller. 
These two sine wave voltages, each of single phase, one 

derived from the reference frequency, and the other from 
the variable frequency, are applied to pulse forming cir 
cuits to derive a sharp narrow pulse at corresponding 
points on their respective sine waves, such as at Zero on 
the up-slope of the wave, for example, and the two pulses 
(one gradually and progressively shifting in time phase 
with respect to the other) are applied to a coincidence 
gate circuit to derive an output once per signal cycle at a 
particular point in the cycle as determined by the position 
of the potentiometer rotors. This coincidence pulse is 
then employed to operate a relay or other device to oper 
ate a particular signal or to switch signals in the signal 
cycle. 

In a preferred arrangement, the coincidence pulse is 
employed to cause a cyclic stepping switch to advance 
one step in a cycle of traffic signal indications, the stepping 
switch connecting one or more other response point poten 
tiometers into the pulse forming and coincidence gate 
circuits at desired points in its step by step cycle to control 
certain signal switching or other control function transfer 
points. 

In accordance with a further feature of such phase 
comparison system of the prior co-pending application 
S.N. 510,926, a local reference frequency element may 
be automatically rotated from one remotely selected and 
locally adjusted phase displaced relation to another such 
relation in response to change between such remote selec 
tions. 
The broader aspects of such phase comparison system 

are disclosed and claimed in the aforesaid co-pending ap 
plication S.N. 510,926, and some aspects of application 
of such phase comparison system to a traffic actuated con 
troller of the two phase semi-actuated type are disclosed 
and claimed in a further co-pending application assigned 
to the same assignee. 
The present application is directed to an improved 

and much more complex system, applying the several fea 
tures of the phase comparison system to the control of 
more than two traffic phases, and to a traffic actuated 
controller of the multi-phase semi-actuated type having 
one non-actuated phase and at least two traffic actuated 
phases, all adapted to be controlled in part with a high 
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4 
degree of flexibility and selectability in such a phase com 
parison system. 

It is an important feature of the present invention to 
provide a local controller of the multi-phase semi-traffic 
actuated type adapted to operate as a local controller in 
such a master-local system of the phase comparison type, 
in coordination with other local controllers at other inter 
Sections of the same or of other types, such as locally non 
actuated controllers or two-phase locally traffic actuated 
controllers, for example. 

In a preferred embodiment of the present invention the 
coincidence of the pulses from the phase comparison sys 
tem is employed in combination with traffic actuation to 
advance a cyclic stepping switch one step (in phase A, 
for example) in a cycle of traffic signal indications includ 
ing three traffic phases, the stepping switch connecting 
other response point potentiometers into the pulse form 
ing and coincidence gate circuits at desired points in its 
step by step cycle to control certain signal switching or 
transfer points such as the maximum limit for the traffic 
actuated extendable right-of-way period of two other 
phases (phase B and phase C, for example) in the cycle, 
and consequently to control the "split' or distribution of 
the signal cycle among three different traffic phases in ac 
cordance with the setting of the respective potentiometers, 
While permitting one or the other of the phases B or C 
to be skipped or omitted from the cycle in absence of 
traffic actuation on the respective such phase. 

It is an object of the invention to provide a traffic con 
trol System or traffic signal controller for more than two 
mutually interfering traffic lanes or movements with right 
of Way periods individual to at least two of such lanes or 
movements accorded in response to traffic actuation on 
the respective lanes or movements, such right of way 
periods when so accorded being variable between mini 
mum and maximum limits in accordance with traffic 
actuation and at least such maximum limits being estab 
lished in desired relation to individual percentage points 
in a remotely controlled variable time cycle for the several 
right of way periods. 

It is another object of the invention to provide a traffic 
control System or traffic signal controller for more than 
two mutually interfering traffic lanes or movements with 
right of Way periods individual to at least two of such 
lanes or movements accorded in response to traffic actua 
tion on the respective lanes or movements, such right of 
Way periods when so accorded being variable between 
minimum and maximum limits in accordance with traffic 
actuation, and at least such maximum limits being estab 
lished in desired relation to individual percentage points 
in a remotely controlled variable time cycle for the several 
right of Way periods, and in which a plurality of individual 
means are provided for alternative adjustment of such 
maximum limit controlling percentage points, with re 
mote control of selection among such individual adjust 
ment means. 

It is a further object of the invention to provide a 
traffic control system or traffic signal controller including 
right of way periods for more than two traffic lanes or 
movements and accorded and variable between minimum 
and maximum limits in at least two of said lanes or 
movements in accordance with traffic actuation therein, With individually adjustable percentage settings for the 
respective maximum limits in a remotely controlled vari 
able time cycle. 

It is a further object of the invention to provide a 
traffic control System or traffic signal controller including 
right of way periods for more than two traffic lanes or 
movements and accorded and variable between minimum 
and maximum limits in at least two of said lanes or 
movements in accordance with traffic actuation therein, 
with a plurality of individually adjustable percentage set 
tings for each of a plurality of said respective maximum 
limits in a remotely controlled variable time cycle, and 
With remotely controlled selection among said plurality 
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of percentage settings to provide remote selection among 
locally adjusted alternative distribution of the time cycle 
in maximum traffic conditions. 

It is also an object of the invention to provide an im 
proved traffic control system or traffic signal controller 
for more than two mutually interfering traffic lanes or 
movements with right of way periods individual to at 
least two of such lanes or movements accorded in response 
to traffic actuation on the respective lanes or movements, 
and including relay means individual to the respective 
traffic actuated lanes or movements for including its as 
sociated right of way period in the cycle in response to 
traffic actuation in such lane or movement substantially 
by the beginning of a preceding traffic clearance period, 
and for omitting such right of way period and continuing 
quickly to the next following right of way period follow 
ing its associated preceding clearance period in absence 
of such traffic actuation for the first mentioned such right 
of way period. 

It is an additional object of the invention to provide 
an improved traffic control system or traffic signal con 
troller for more than two mutually interfering traffic 
lanes or movements with right of way periods individual 
to at least two of such lanes or movements accorded in 
response to traffic actuation on the respective lanes or 
movements, in which the right of way periods are con 
trolled in part in desired percentage relation to a total 
time cycle of variable length in accordance with the ratio 
of slow progressive phase shift between remotely con 
trolled periodic electrical wave energies and in response 
to coincidence of certain of said wave energies. 

It is an additional object of the invention to provide 
an improved traffic control system or traffic signal con 
troller for more than two mutually interfering traffic lanes 
or movements with right of way periods individual to at 
least two of such lanes or movements accorded in re 
sponse to traffic actuation on the respective lanes or 
movements, in which the right of way periods are con 
trolled in part in desired percentage relation to a total 
time cycle of variable length in accordance with the rate 
of slow progressive phase shift between remotely con 
trolled periodic electrical wave energies and in response 
to coincidences of certain of said wave energies, and in 
which individual percentage relationships are established 
for a plurality of said right of way periods in accordance 
with coincidences of a succession of individual wave en 
ergies of individually adjustable phase relation and de 
rived from one remotely controlled wave energy with an 
other remotely controlled wave energy having such slow 
progressive phase shift in relation to the next preceding 
wave energy or with a wave energy derived therefrom 
and in adjustable phase relation thereto. 

It is also an object of the invention to provide an im 
proved traffic control system for more than two mutually 
interfering traffic lanes or movements in which right of 
way periods, of adjustable minimum periods, are provided 
for vehicle passage in response to vehicle actuation in the 
associated traffic lanes or movements respectively and 
in which right of way periods of longer adjustable mini 
mum periods with associated individually adjustable pe 
destrian clearance periods, are provided for pedestrian 
walking, in response to pedestrian actuation in connection 
with the associated traffic lanes or movements, selection 
being made among a plurality of such vehicle and associ 
ated pedestrian period adjustments by remote control and 
in desired percentage relation to a remotely controlled 
variable total time cycle for the several periods. 

Other objects of the invention will appear from the 
accompanying claims and from the following description 
of the invention with respect to the drawings in which: 

FIG. 1 illustrates in block diagram form two of a series 
of intersections along a highway with individual local 
controllers and traffic signals and connections with the 
master controller illustrated in FIG. 2, for example. 

FIG. 2 illustrates in somewhat more detailed schematic 
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6 
form a master controller for a control system according 
to one embodiment of the invention. 

FIG. 3 illustrates partly in block diagram and partly 
in schematic form a local controller or traffic signal con 
troller, with connections to the master controller and 
extending to other local controllers, for cooperation with 
the master controller of FIG. 2 for example, according 
to one embodiment of the invention. 

FIGS. 4a through 4e, when arranged side by side as 
indicated in FIG. 13, illustrate in detailed schematic cir 
cuit form a preferred embodiment of a traffic actuated 
local controller or system for cooperation with a master 
controller of FIG. 2, for example, and employing several 
aspects of the invention. The several drawings FIG. 4a, 
FIG. 4b, FIG. 4c, FIG. 4d, and FIG. 4e thus together 
form a circuit diagram which is sometimes referred to 
herein as FIG. 4 for convenience. 

FIG. 5, including SUBFIGURES5a, 5b, and 5c, illus 
trates sine wave forms and successive stages of pulse 
forms derived from the reference frequency and the con 
trol frequency in connection with spike pulse forming 
networks for assistance in understanding the operation of 
a control system or controller according to one embodi 
ment of the invention. 

FIG. 6, including SUBFIGURES 6a, 6b, and 6c, illus 
trate successive time positions of the spike pulses derived 
from the reference and control frequencies in approaching 
and passing coincidence in the time cycle. 

FIG. 7, including SUBFIGURES 7a, 7b, and 7c, illus 
trates the pulse forms at coincidence in the selective phase 
offset homing feature as illustrated in detail in FIG. 4. 
FIG. 8, including SUBFIGURES 8a, 8b, and 8c, illus 

trates the same pulse form as in FIG. 7 but in different 
time phase relationship, approaching coincidence in one 
phase direction. 

FIG. 9, including SUBFIGURES 9a, 9b, and 9c, illus 
trates the same pulse forms as in FIG. 7 and in FIG. 8 
but in different time phase relation indicating approach to 
coincidence in a phase direction opposite to FIG. 8. 

FIG. 10 is a partly schematic diagram of an illustrative 
“dial” panel showing adjustment dials, selector switches 
and indicator lamps for the controller of FIG. 4, for ex 
ample. - 
FIG. 11 shows schematically, in block form a sample 

cycle of operation of the local controller of FIG. 4 in 
response to traffic actuation under coordinated control, 
with reference in parenthesis to the dials shown in FIG. 
10 above. 
FIG. 12 shows similarly a sample cycle for “free' op 

eration of the same controller in response to traffic actu 
ation when operating independent of coordinated control. 

FIG. 13 shows how FIGS. 4a through 4e are to be 
arranged to form a complete circuit diagram. 

In considering the more detailed description below the 
invention in relation to the several figures of the drawings 
it will be understood that the timing of any given length 
of the time cycle, for traffic signal operation, is the period 
between successive phase coincidences of the two wave 
energies derived from the master controller which is the 
important timing factor and consequently the time rate 
of phase shift of one of these wave energies with respect 
to the other determines the time cycle as controlled by the 
master controller. For any given time cycle length this 
rate of phase shift is constant, or in other words there 
is a constant frequency difference between the two fre 
quencies of the respective two basic wave energies trans 
mitted from the master controller to the local controllers 
supervised by the master controller. 

If it is desired to change to a longer time cycle for 
the local controllers, then the frequency difference be 
tween the basic wave energies is decreased so that the 
rate of phase shift of one wave energy with respect to 
the other is decreased and the period between phase coin 
cidence is thereby increased, to increase the length of the 
controlled time cycle. 
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Although such reduction of the frequency differences 
might be accomplished by increasing the frequency of the 
lower of the two frequencies and reducing the frequency 
of the upper of the two frequencies for example, it will 
be obvious that it is more convenient to keep one of the 
frequencies constant as a reference and to change only 
the other frequency, which thus may be considered a vari 
able frequency or control frequency, both the reference 
frequency and the control frequency being constant for 
any given time cycle length, but the control frequency 
being adjustable over a range of desired values to obtain 
an adjustable time rate of phase shift between the two fre 
quencies and thus an adjustable time period between phase 
coincidences and corresponding controlled time cycle 
length. 
Thus for convenience of reference in describing the in 

vention one of the frequencies is assumed to be constant 
and is referred to as the reference frequency or refer 
ence periodic wave energy and the other adjustable fre 
quency is referred to as the variable or control frequency 
or control wave energy or cycle frequency without in 
tending that the invention shall be limited thereby. 

For purpose of illustration and without limiting the in 
vention thereto, the following values may be employed 
for the two basic periodic wave energies transmitted from 
the master controller to the local controllers. The refer 
ence frequency may be 400 cycles per second and the vari 
able or control frequency or cycle frequency may be ad 
justable from 400--40 cycles per second to 400--A20 
cycles per second for a controlled time cycle adjustable 
between 40 seconds and 120 seconds in length, of the 
order of those widely used in traffic signals for street and 
road intersetcions, for example; and for a controlled time 
cycle of 60 seconds, the reference frequency may be 400 
cycles per second and the control frequency 400-60 
cycles per second or 400.0167 cycles per second approxi 
mately, for example. 

It will be understood in this connection that the con 
trol frequency may be varied between desired difference 
frequency limits at similar values below the reference 
frequency if desired instead of above the reference fre 
quency as illustrated in the above example, if it is desired 
to have the progressive phase shift between the two 
frequencies in the opposite direction. In the first in 
stance with the reference frequency lower the reference 
frequency will progressively lag further behind the con 
trol frequency between phase coincidences on a time 
scale, and in the second instance with the reference fre 
quency higher than the control frequency the control 
frequency will lag progressively further behind the 
reference frequency between coincidences on a time scale, 
and either method may be used within the scope of the 
invention. 

Since the progressive phase shift between the reference 
frequency and the control frequency is relative, where 
both reference frequency and control frequency are on 
the same time scale either one may be considered 
constant in position and the other moving, and thus the 
lagging shift of one frequency toward the right is the 
equivalent of the leading shift of the other frequency 60 
toward the left. Thus the control frequency may be 
considered as shifting progressively to the right with the 
reference frequency stationary on the time scale, or the 
reference frequency may be considered as shifting pro 
gressively to the left with the control frequency sta 
tionary on the time scale. 

For convenience of illustration the preferred form of 
the invention is described primarily from the viewpoint 
that the control frequency is higher than the reference 
frequency and consequently the reference frequency has 70 
a progressive lagging phase shift, or in other words a 
given point on the reference frequency wave travels 
slowly to the right with respect to a corresponding point 
on the control frequency wave, on a left to right time 
Scale. 
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FIG. 1, in block diagram, represents generally, two 

different types of intersections, each intersection con 
trolled by a local controller, the type of which is pre 
sented herein. 

In the upper left corner of the diagram is a crossed 
arrow With N, W, E and S at the end of each line. These 
indicate compass directions that are used herein for 
convenience of locating some of the parts of the diagram. 
The intersection generally located in the west half 

of the diagram is made up of three intersecting streets, 
Street A, Street B and Street C. Traffic at this inter 
Section is controlled by signal lights represented by a 
double circle with five arrows extending therefrom and 
labeled SL. The signal lights SL generally represent 
all the signal lights that may control vehicle traffic and 
pedestrian traffic at the intersection. For convenience 
ail Such signal lights that may be employed to control 
both vehicle traffic and pedestrian traffic in the described 
instruction are represented collectively in the center of 
the intersection but it is understood that the signals may 
be distributed and placed at different locations through 
out the intersection so that the signals may be con 
veniently displayed to the traffic the individual signals 
control. 
The signal lights SL are controlled by the local con 

troller LC1, represented by a box marked LOCAL 
CONTOLLER, LC1, to which the signals lights are con 
nected, 

In the west half of Street B at a short distance north 
of the intersection is a vehicle detector VDB, represented 
by a rectangle so labeled. In the east half of street B, 
located a short distance south of the intersection is a 
vehicle detector VDB' represented by a rectangle so 
labeled. Both vehicle detectors are connected to the 
local controller LC1 and send “calls” to the local con 
troller when traffic approaching the intersection on Street 
B, either from the north or from the south, cause the 
detectors VDB or VDB' respectively, to be actuated by 
crossing the same. The vehicle detectors VDB, VDB’ 
are, in FIG. 4c below, collectively represented by a 
Single vehicle detector labeled VDB. 
Four rectangles PBB1, PBB2, PBB3, and PBB4 rep 

resent four pedestrian pushbuttons that are connected to 
the local controller LC1 and send “calls” to the local 
controller when any one or all are actuated by pedestrian 
traffic. These pedestrian pushbuttons are collectively 
represented in FIG. 4c below by a single pedestrian push 
button PBB, the actuation of which calls for a phase B 
signal sequence that will include a green walk signal in 
a cycle so that pedestrian traffic may cross Street A in 
the lanes marked PHASE B WALK without interference 
from opposing vehicle traffic. 

In the west side of Street C is a rectangle VDC which 
represents a vehicle detector so placed for actuation by 
traffic approaching the intersection on Street C. The 
vehicle detector VDC is connected to the local controller 
LC1 to which calls are sent when the vehicle detector 
VDC is actuated. The detector VDC is represented in 
the circuit diagram of the local controller in FIG. 4 by 
a vehicle detector similarly labeled. 

All of the above mentioned vehicle detectors may be 
any of the well known type of pressure or sound sensi 
tive, electronic or mechanical or magnetic sensitive or 
any other type whether to be located in the roadbed, 
upon the roadbed or over the roadbed. However, it 
is here assumed that the vehicle detectors here mentioned 
are of the pressure sensitive type that close a set of 
contacts when pressure is applied to the vehicle detector 
and that they are located in the roadbed surface so that 
vehicles will cross over the same in their approach to 
the intersection. 
The rectangles PBC and PBC2 on the north and south 

side of Street A respectively, east of the intersection, 
represent pedestrian pushbuttons that are connected to 

75 the local controller LC1 and send “calls' to the local 
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controller for a signal sequence that will include a green 
walk signal in a cycle so that pedestrian traffic may cross 
Street A in the lane where marked "PHASE C WALK" 
without interference from opposing vehicle trafiic. În 
FIG. 4c below, the pedestrian pushbuttons PBCi and 
PBC2 of FIG. 1, are collectively represented by the pe 
destrian pushbutton PBC. 

All the pedestrian pushbuttons above mentioned may 
be any of the well known mechanical, electrical or elec 
tronic type generally used to send calls to a local control 
ler of a controlled intersection or other controlled area 
and generally placed in a convenient place for pedestrian 
actuations. 

In the lower left of the drawing is an incompleted box 
marked MASTER CONTROLLER which here repre 
sents a master controller of the type disclosed in more 
detail in FIG. 2 below. Extending from the master con 
troller are three groups of lines representing in general, 
the output lines of the master controller. The upper 
group of four lines SM1, OC, OC2, and OC represent 
lines that are similarly labeled appearing in FIG. 2 and 
FIG. 4b below. 
The middle group labeled FR and the lower group 

labeled FC represent the three reference frequency lines 
(FR) and the three control frequency lines (FC) which 
groups of lines also appear in FGS. 2, 3 and 4 similarly 
labeled. 
These three groups of lines will generally be extended 

to other local controller in one coordinated system such 
as is indicated here by the notation at the right end of 
the lines, “TO OTHER CONTROLLERS.’ Vertical lines 
between these output lines and the local controller LC 
represent the electrical connection between the local con 
troller and the master controller. To the right of the 
intersection above described is a second intersection com 
posed of intersecting Streets A and B2. This intersec 
tion is controlled by signal lights collectively represented 
by a double circle with four protruding arrows, located 
in the center of the intersection and labeled SL2. As in 
the case of the signal lights SL, the representation SL2 
represents all the signal lights for both vehicle and pe 
destrian traffic used to control such traffic at the inter 
section. The signal lights SL2, although illustrated col 
lectively in the center of the intersection may be de 
ployed around the intersection for more convenient dis 
play to the traffic controlled by the individual signals. 
The signal lights SL2 are connected to the local con 
troller labeled LC2, represented by a rectangle labeled 
“LOCAL CONTROLLER' LC2. 
The local controller LC2 is connected to the output 

lines from the master controller in a manner similar to 
that of local controller LC1. 

In the west half of Street B2, north of the intersection 
is a rectangle VDB2 which represents a pressure sensi 
tive vehicle detector located in the surface of the roadbed 
while the rectangle VDB2', in the east half of Street 
B2, south of the intersection represents a similar type 
vehicle detector located in the surface of the roadbed of 
Street B2. Both vehicle detectors VDB2 and VDB2' 
are connected to the local controller LC2 and send "calls' 
to the controller LC2 when either is actuated by south 
bound and northbound traffic respectively, approaching 
the intersection. 
On the four corners of the intersection of Streets A and 

B2 each represented by rectangle are four pedestrian 
pushbuttons PCC1, PCC2, PCC3 and PCC4 all connected 
to the local controller LC2. These pedestrian pushbut 
tons, that may be of a similar type as those associated 
with the intersection on the left of the diagram, when 
actuated by pedestrian traffic send calls to the local con 
troller LC2 to give a green pedestrian signal so that pe 
destrian traffic may cross the Streets A and B2 in the 
walk path marked off by broken lines at the intersection 
and lebeled PHASE C WALK. 

It will be noticed that the intersection in the left of 
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the diagram differs somewhat from the intersection in the 
right of the diagram in that the intersection in the left 
is composed of three intersecting roads, Streets A, B and 
C while the intersection on the right is composed of two 
intersecting roads, Streets A and B2. 

Both local controllers LC1 and LC2 are identical and 
both are of the same type disclosed in circuit form in 
FIG. 4 below. FIG. 1 from one aspect, illustrates some 
of the versatilities of such local controller, for in the in 
tersection at the left the controller LC would control 
both vehicle and pedestrian traffic both associated with 
each phase while the controller LC2 would control ve 
hicle and pedestrian traffic with vehicle traffic associated 
with phase A and phase B and pedestrian traffic associated 
only with phase C, for example. 
Although both local controllers LC1 and LC2 are 

identical and each is similar to the local controller illus 
trated in FiG. 4 the connections to the signal lights as 
between controller LC1 and controller LC2 will differ. 
The controller LC, may generally display a green sig 

nal followed by a yellow signal to both pedestrian and 
vehicle traffic on Street A while on both Street B and C 
red signals are displayed to vehicle and pedestrian traf 
fic. This may be followed by a green signal followed 
by a yellow signal to both pedestrian and vehicle traffic 
on Street B while on Street C and A red signals are 
displayed to vehicle and pedestrian traffic. A green sig 
nai followed by a yellow signal may then be displayed 
on Street C for vehicle and pedestrian traffic while on 
Street A and B red signals are displayed. 
The controller LC2, on the other hand, may gener 

ally display a green signal followed by a yellow signal 
to vehicle traffic on Street A and red signals to vehicle 
traffic on Street B2 and all pedestrian traffic at the inter 
Section. This may be followed by a green signal fol 
lowed by a yellow signal for vehicle traffic on Street B2 
while red signals are displayed to vehicle traffic on Street 
A and all pedestrian traffic at the intersection. A green 
signal may now follow for all pedestrian traffic while red 
signals are displayed to all vehicle traffic on Street A and 
Street B2 so that the pedestrian traffic may enjoy an ex 
clusive Walk period while all vehicle traffic is held stopped. 

Referring to FIG. 2 in more detail, the three wind 
ings of an alternating current three phase generator are 
shown Schematically at the left and designed FRG as 
a group, to indicate that this is the generator of the three 
phase alternating current reference frequency provided 
on the lines FR extending to the right and corresponding 
with the similarly designated lines of FIGS. 1, 3 and 4. 
These lines extend to the right of FIG. 2 for connection 
to the local controllers. 
Below the lines FR there is shown schematically the 

differential generator within the broken line box DG, 
and the lines FC extending outward to the right. For 
convenience in explaining the invention in connection 
with FIG. 2, the parenthetical designation (fc-fr--df) 
is noted along side of FC. This is intended as a reminder 
that the control frequency output on the lines FC is 
the sum of the reference and the difference frequency 
corresponding to the rate of phase shift provided in the 
differential generator. 

it Will be understood that the usual 120 degree spaced 
three phase Windings 20, 21 and 22 at the left of the dif. 
ferential generator DG as shown in FIG. 2 will have a 
rotating field, and for purpose of illustration this is as 
Sumed to be the stator set of windings. The windings 
to the right with the associated three curved arrows are 
also 120 degree spaced windings forming the rotor of 
the differential generator for example. The lines FC 
extend from these latter rotor windings 23, 24 and 25 to 
Ward the right and correspond with the lines designated 
FC in several of the other figures of the drawings. 
A variable Speed motor VSM is shown schematically 

below the rotor windings of the differential generator 
and is indicated as mechanically associated therewith to. 
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drive the rotor by the broken line 26. The motor VSM 
is illustrated as connected via wires 27 and 28, and the 
variable speed control SW, to positive and negative elec 
trical power terminals indicated. The speed control SW 
is illustrated as a potentiometer adjustable for controlling 
the voltage or power applied to the motor VSM to vary 
the speed of the latter as desired to obtain the frequency 
difference of between the reference frequency and the 
variable control frequency. 

It will be understood that the motor VSM has a low 
speed output, provided by gearing or otherwise as de 
sired, to rotate the rotor windings 23, 24 and 25 at speeds 
of the order of one revolution in 40 seconds to one revolu 
tion in 120 seconds to derive a time cycle of the order of 
40 seconds to 120 seconds for example as described 
above, one revolution of the motor output shaft being 
equal to one time cycle of the system. It will be under 
stood by those skilled in the art that when the three 
phase rotor windings are rotated with respect to the 
three phase stator windings of the differential generator 
DG the output frequency from the rotor windings for 
example will have a phase shift with respect to the input 
at the stator windings which progresses at a time rate 
depending upon the rate of rotation of the rotor. In 
effect the turning of the rotor in the direction of the 
rotation of the field at the three phase stator windings 
wiil provide a slightly lower output frequency in rela 
tion to the input frequency which may be expressed 
FC=FR-DF for example, whereas if the rotor windings 
are turned in the direction opposite to the rotating field 
of the stator windings the output will have a slightly in 
creased frequency which may be represented by the ex 
pression FC=FR--DF for example. For convenience 
in describing the invention it is assumed that the rotor 
windings always are turned in the same direction but at 
varying time rates to provide a variable time cycle for 
remote control purposes as described above. 

In connection with the offset control lines in the lower 
part of FIG. 2, it will be noted that the switches SW1. 
and SW2 are connected at their left ends to the positive 
power terminal for example and are shown in a normally 
open position. The switch arm of either switch may be 
moved into its closed position independently to apply 
positive power to its associated line, the switch SWA con 
trolling line OC1 and the switch SW2 controlling line 
OC2, the remaining line OC being connected as a com 
mon line to the negative power terminal. It will be 
understood that the power terminals designated plus 
and minus are merely for convenience of identification 
and may be direct current or alternating current power 
as desired. The line OC alone may be energized by 
the closing of switch SW1 and the line OC2 may alone 
be energized by closing switch SW2 or both lines OC 
and OC2 may be energized by the closing of both 
switches. The switches SW and SW2 may be manually 
operated as desired by the traffic authorities at the mas 
ter controller location or may be operated automatically 
in the form of relay contacts from time switches or from 
an automatic offset selector system. 
A third switch SW3 is also provided in FIG. 2, and 

shown in open position but which may be closed if de 
sired to connect positive power via wire 29 through the 
switch to line SM1 extending to the local controllers, for 
remote selection between percentage potentiometers as 
sociated with the lines FR, which may serve for remote 
control of the offset of a traffic signal cycle for example. 

FIG. 3 illustrates, partly in block form and partly in 
schematic form a simplified form of local controller as 
sociated with reference frequency lines, FR, and varia 
ble frequency lines, FC, extending from the master con 
troller of FIG. 2 to the several local controllers. The 
reference frequency lines FR starting at the left of FIG. 
3 may be considered extensions of the lines FR at the 
right of FIG. 2 and continue to the right across FIG. 3 
for connection to other local controllers as desired. 
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Similarly, the variable frequency or control lines, FC, 
of FIG. 3 may be considered extensions of the lines FC 
Cf F.G. 2. 
At the left side of FIG. 3 a group of three lines FR1, 

FR2 and FR3, extend downward from the lines FR to 
supply the three phase reference frequency to three 
tapping points 120 degrees apart on the 360 degree con 
tinuous resistance forming the circular stator element of 
a 360 degree potentiometer PA, dividing this stator ele 
ment into three equal sections Si, S2 and S3. These 
three sections with their tapped connections to the three 
pinase reference lines thus have a delta connected three 
phase arrangement, as it is familiarly known in the elec 
trical art, but with each section of the delta one third 
of the resistance of the circle. 

'ithe potentiometer PA1 is provided with a two part 
diametric rotor having two contacts insulated from each 
other and movable jointly over the circular stator to any 
diametrically opposite contact positions, the contacts al 
ways being 180 degrees apart. The left hand arm RA, 
as shown, is connected to an outer control contact ring 
and the right arm RA2 of the rotor is connected to an 
inner control contact ring. These rings are in turn con 
nected respectively by familiar contact brush arrange 

5 ments via wires W1 and W2 to the input winding of iso 
lating transformer T2, the output winding of which is 
connected to the input of a spike pulse forming network 
PF2. 

Since the rotor arms RA1 and RA2 of the potentiome 
ter PA1 provide movable taps 180 degrees apart on the 
delta three phase connected stator, these rotor arms will 
take off a single phase sine wave voltage from the three 
phase reference voltage on the stator, this single phase 
voltage being at the reference frequency and having a 
phase rotation to the latter depending on the position 
of the rotor contacts RA and RA2. Thus by turning 
the rotor to the desired angular position, the desired 
phase displacement of the voltage output from the rotor 
can be obtained with respect to the original three phase 
reference frequency applied to the stator. 

It will be noted in FIG. 3 that the rotor RA1-RA2 
is shown as slightly displaced clockwise from a position 
extending from the tap between sections S3 and S2 of 
the stator, to the opposite section S1 of the stator, as one 
illustration. A dial plate-knob arrangement, illustrated 
in FIG. 10, may be associated with the rotor RA-RA2 
to indicate the angle of phase displacement or percentage 
displacement on the basis of 100 percent for 360 degrees 
of arm RA2 with respect to the tap center point as zero 
displacement for example. 
The single phase sine wave voltage, displaced from the 

reference frequency by the desired amount by potenti 
ometer PA, is thus applied via transformer T2 to the 
input at the top of the pulse forming network PF2. This 
network is identified as a spike pulse forming network 
in its preferred form, of which one embodiment is shown 
and described in more detail in connection with FIG. 
4d. This spike pulse forming network derives a narrow 
spike pulse at a particular point on the sine wave voltage 
applied to its input, this point being chosen for conven 
ience as the wave becomes positive just beyond zero. For 
convenience of reference this is considered as substantially 
as the wave passes zero increasing toward the positive 
peak. It will be appreciated that some other reference 
point might be selected within the spirit of the invention, 
but this point is employed in the preferred form of the 
invention. 
The spike pulse output of network PF2 is applied to 

one of the two inputs to the coincidence gate CG1. 
On the right of FIG. 3 is shown another potentiome 

ter PA2, which is similar to the potentiometer PA1 de 
scribed above and has adjustable rotors set in different 
desired phase displaced relation as indicated, for exam 
ple, to determine the desired percentage response point 
in the total time cycle controlled by the master controller 



8,056,946 
3 

via the reference frequency and variable frequency lines 
FR and FC. 
The stator of the potentiometer PA2 is connected in 

delta arrangement to the three phase variable frequency 
lines FC by the downward extending branch wires FC, 
FC2 and FC3 these wires being connected to correspond 
ing tapping points as potentiometer PA1, described above. 
The potentiometer PA2, like the potentiometer PA1, 

has a rotor with one contact arm, RB2, connected to the 
inner ring and another contact arm, RB1, connected to 
the outer ring, the arm. RBi connected to the inner ring 
is considered to be the phase displacement indicator. 
The potentiometer PAS is comparable to potentiometer 

PA5 in FIG. 4b below and potentiometer PA2 is com 
parable to potentiometers PB1, PB2, PB3, PC, PC2 and/ 
or PC3 and/or resistor network PA, which obtains simi 
1ar results as the potentiometers but is not readily adjuS 
able. 
The transformers T1 and T2 are comparable to simi 

larly numbered transformers in FIG. 4d, similarly num 
bered for convenience. The pulse forming networks PF 
and PF2 are comparable to similarly numbered pulse 
forming networks in FIG. 4d while the coincidence gate 
CG1 represents a similarly numbered coincidence gate 
CG in FIG. 4d. 
The box labeled control device may be considered to be 

the remaining parts of the local controllers illustrated 
completely in FIG. 4. Such control device may include 
means for advancing a step by step cyclic switch, the 
cyclic switch itself and relay control circuits to control 
signal lights all as described with reference to FIG. 4 
below. 

Referring now to FIGS. 5 through 9, a series of pulse 
forms are illustrated in relation to time scales to aid bet 
ter understanding of the invention. 

FIG. 5, for example illustrates successive stages in 
the formation of spike pulses from the control and ref 
erence voltages or wave energies, one of which is slowly 
shifting in phase at the desired time rate in relation to 
the other. For convenience in understanding the inven 
tion in relation to the several figures of the drawings it 
is assumed that the reference frequency is slightly lower 
than the variable or control frequency so that the refer 
ence frequency will slowly shift to the right on the time 
Scale if the control frequency wave is considered station 
ary with respect to the time scale. 
Thus referring momentarily back to FIG. 3 the refer 

ence frequency at the phase offset determined by poten 
tiometer PA may be considered as shifting in phase 
clockwise or proceeding clockwise around the potentiome 
ter PA2 associated with the variable or control frequen 
cy, with the rotors of these potentiometers preset by lo 
cal adjustment, thus a given point on the reference wave 
output of the rotor of PAi in FIG. 3 may be considered 
as proceeding clockwise around the stators of the poten 
tiometer PA2 and successively passing the rotor arms 
RBI and RB2 in the time cycle periodically repeated. 

Correspondingly in FIG. 5 the reference frequency 
Vir indicated by a solid line wave in SUBFIGURE 5a 
may be considered as progressing toward the right on 
the time line indicated as t, this progression to the right 
being indicated by a small arrow extending from the 
Wave Vr. 

Reviewing this more fully SUBFIGURE 5a illustrates 
one cycle of the adjustably phase displaced voltage derived 
from the reference frequency and of the adjustably phase 
displaced voltage derived from the variable or control 
frequency superimposed on the same scale, although it 
will be appreciated that these two voltages are actually 
applied to two different channels of pulse forming net 
works and input circuits to the coincidence gate. Thus 
although these two voltage waves are shown in SUB 
FIGURE 5a as superimposed on the same time scale 
for convenience of comparison, they are not to be con 
sidered as additive algebraically since they are in inde 
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pendent circuits applied to individual pulse forming net 
works. 

Similarly the pulses below in SUBFIGURES 5b and 
5c, derived in two stages respectively from the sine volt 
age waves of 5a are also shown superimposed for com 
parison purposes in the drawings only, since these are also 
actually in independent circuits or separate channels. In 
order to distinguish the pulses more clearly, particularly 
in the overlapped form in SUBFIGURE 5b, one of the 
voltage waves and the corresponding pulse below derived 
from the reference frequency are shown in solid line form, 
and the other set derived from the control frequency are 
shown in broken line form. 

It will be understood that in SUBFIGURE 5a for sin 
plification of illustration, only one cycle of the wave Vr 
and only one cycle of the wave Vc are shown, although 
it will be appreciated that each is only one of a series 
of similar waves extending in each direction on the left 
to right time scale. Thus if the reference and control fre 
quencies are of the order of 400 cycles per second for 
example the one cycle wave illustrated will each have 
a time length of approximately 400 of a second. 

In the several figures of FIG. 5 the wave Vc derived 
from the variable or control frequency is assumed to 
remain in a fixed position on the left to right time scale 
it, and the wave Vr derived from the reference frequency 
is assumed to be moving slowly to the right, that is to have 
a slow progressive phase shift toward the right. 

In the illustration of SUBFIGURE 5a the wave Vr is 
illustrated as about 60 degrees or % of the total cycle 
before coincidence in the wave Vc and approaching coin 
cidence. 

It will be understood that the wave Wr of SUBFIG 
URE 5a may be considered to be derived or represent 
substantially the output from the rotor of potentiometer 
PA of FIG. 3 for example, and thus have a desired con 
stant but adjustably pre-set phase displacement with re 
spect to the reference frequency on lines FR. As more 
fully described below with reference to FIG. 4 if the wave 
Vr were slightly displaced in phase corresponding to the 
difference in position of the rotors of the potentiometer 
PO5 of FIG. 4b and potentiometer PA1 of FIG. 3 this 
wave Wr could be considered to represent the output of 
the rotor of potentiometer PA1 of FIG. 3. 

Similarly in SUBFIGURE 5a the voltage wave Vc may 
be considered to represent the output of the rotor of the 
potentiometer PB11 of FIG. 4a, for example having a con 
stant but adjusted preset phase displacement with respect 
to the variable or control frequency on lines FC, although 
with slightly shifted but preset position along the time 
scale; the wave Vc might also represent the output for the 
resistor network PA of FIG. 4a or the output from the 
rotor of the potentiometer PC1 of FIG. 4a for example. 
Thus the wave Vr represents what may be considered 

a locally derived reference voltage wave energy having 
a preferably locally adjusted (but possibly permanently 
set, if desired), phase relation to the reference fre 
quency wave energy from the master controller, and the 
voltage wave Vc represents similarly a locally derived 
wave energy having a preferably locally adjusted (but 
possibly permanently set) phase relation to the control 
frequency wave energy from the master controller. 

For the present, for a better understanding of the in 
vention with relation to FIG. 3 for example, let it be 
assumed that the voltage Vir represents the output from 
the rotor of potentiometer PA; and the voltage wave Vc 
represents the output of the rotor of the potentiometer 
PA2 of FIG. 3 in the immediately following discussion. 
The voltage wave Vr is shifting to the right on the time 
scale approaching coincidence with wave Vc, and if a 
total time cycle of 60 seconds were assumed, the wave 
Vr is approximately of 6 of the cycle or 10 seconds 
before coincidence with the wave Vc. Thus these two 
waves represent substantially the wave forms and their 
relative wave positions as applied to the respective spike 
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pulse forming networks leading to the coincidence gate 
CGE, the wave Wr being applied to transformer T2 to 
the input of the pulse former PF2 and the wave Vc being 
applied via transformer T1 to the pulse former PF. 
These spike pulse forming networks have two stages, 

as more particularly described in connection with FIG. 
4d, leading to a narrow spike pulse output as illustrated 
in SUBFIGURE 5c, the SUBFIGURE 5b indicating an 
intermediate stage at which a substantially square Wave 
pulse is formed, from which the spike pulse of SUB 
FIGURE 5c is derived at the leading edge of the square 
wave pulse. As shown in SUBFIGURE 5b, the respec 
tive spike pulse forming networks PF2 and PF1, by use 
of limiter circuits, for example, derive the substantially 
square wave pulse Vrs from the upper or positive half of 
the wave Vr of SUBFIGURE 5a and the broken line sub 
stantially square wave pulse Vcs from the upper or posi 
tive half of the wave Vc of SUBFIGURE 5a, these two 
square pulses having the same phase relation as their 
associated waves shown in SUBFIGURE 5a, with the 
square wave pulse Vrs shifting slowly toward the right 
on the time scale toward coincidence with pulse Vcs. 
At a further stage in the pulse forming networks the 

very narrow spike pulses illustrated in SUBFIGURE 5c 
are derived from the corresponding square Wave pulses 
of SUBFIGURE 5b above, this being accomplished by 
differentiating circuits for example. 
Thus the spike pulse Prof SUBFIGURE 5c is derived 

from the front edge of the square pulse Vrs above, and 
the broken line spike pulse PC is derived correspondingly 
from the square pulse Vcs above. These pulses appear 
on the upper or positive side of the time scale. Smaller 
pulses are illustrated below the time scale as Prn and Pcn 
as the corresponding negative pulses derived from the 
right hand or trailing edge of the respective square pulses 
Vrs and Vcs above. 

Although these latter negative pulses appear in the 
output of the pulse forming network and thus at the 
input of the coincidence gate CG1, the coincidence gate 
is designed to respond only to the positive pulses indicated 
above, such as Pr and Pc and does not respond to the 
negative pulses Prn and Pcn as described more fully in 
connection with the detailed description of FIG. 4. Thus 
for practical purposes it may be considered that the dis 
tinctive outputs of the respective pulse forming networks 
are pulses Pr and Pc. 

It will be understood that in the several FIGURES 5, 
6, 7, 8 and 9 the spike pulses are for convenience of illus 
tration in the drawing shown considerably wider than 
they actually would be in practice. In a preferred actual 
embodiment of the invention, for example, it has been 
found that spike pulse widths may be employed of the 
order of Azoo of one cycle of the wave itself whose period 
might be of the order of 400 of a second so that the spike 
pulse shown in FIG. 5c might actually be of the order of 
80000 of a second. 
FIG. 6 illustrates several successive time positions of 

the spike pulses of SUBFIGURE 5c in proceeding from 
the approximate position of FIG. 5c to and beyond co 
incidence. SUBFIGURE 6a shows the spike pulses Pr 
and Pc on separated but corresponding time Scales one 
above the other, representing the two pulse output chan 
nels PF1 and PF2 for example, in the positions of the 
corresponding pulses in SUBFIGURE 5c. SUBFIGURE 
6b illustrates the same pulses a short time later at co 
incidence, the pulse Pr having moved somewhat to the 
right in the time scale. SUBFIGURE 6c illustrates the 
same two pulses Pr and Pc on corresponding time scales 
a short time after coincidence, the pulse Pr continuing 
to move further to the right beyond coincidence. 
The relative positions of the spike pulses from pulse 

formers PF2 and PF3 and the square pulse from pulse 
former PF3, under the several conditions above assumed 
in connection with changes of offset selection, are shown 
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in FIGS. 7, 8 and 9 in which the several pulses are shown 
in similar time scales one above the other. 

FIG. 7 illustrates the condition of coincidence of the 
positive spike pulses with the beginning of the positive 
Square wave pulse, which is the condition of rest for the 
motor RDM, with the rotor of the potentiometer PO5 
also at rest in the home position corresponding to one of 
the selected offsets of the potentiometers PO1, PO2, PO3 
or PO4. In FIG. 7 the substantially squire pulse Vr11 
illustrated in SUBFIGURE 7a represents the positive 
Square output pulse from pulse former PF3 at wire 226 
for example which is applied to the upper control grid 
input of the coincidence gate CG3, as previously de 
scribed. The spike pulse Pril 1 shown in SUBFIGURE 
7b above the line represents the positive spike pulse out 
put of the pulse former PF3 on line 224 for example 
which is applied to the upper control grid of the coinci 
dence gate CG2 at the input side of the latter. 
The pulse Prii is shown directly under the beginning 

of the positive square wave pulse Vr11, a relation which 
is always maintained on the time scales. The negative 
pulse Prin shown below the line in SUBFIGURE 7b, 
corresponds with the right hand end of the square pulse 
Vrii, and since the coincidence gate responses only to 
the positive pulses this negative pulse is neglected. 

In SUBFIGURE 7c the positive pulse Pr above line is 
shown in the same position as in the pulse Pr11 above it, 
and the pulse Prn below the line is the corresponding 
negative pulse which is neglected since it does not in 
fluence the coincidence gate circuit. The pulse Pr in 
SUBFIGURE 7c corresponds with the pulse Prindicated 
in FIGS. 5 and 6 above, in the sense that these pulses 
are all derived from the reference frequency as locally 
determined in desired phase relation to such reference fre 
quency, and in the case of FIG. 4d for example the pulse 
Pr of FIG. 7 represents the spike pulse output of pulse 
former PF2 on lines 177 and 175 applied to the lower 
control grids of the inputs of the several coincidence gate 
circuits CG1, CG2 and CG3, and derived from the sine 
wave output from the rotor of the potentiometer PO5. 
In the stable condition assumed in FIG. 4d with the rotor 
of potentiometer PO5 in the offset position corresponding 
to the output from the potentiometer PO4, these pulses 
will be in coincidence as shown in FIG. 7. 

in FIG. 8 it is assumed that a change of selection of 
offset has been made by the master controller to which 
the homing operation of the rotor of PO5 has not had 
time to fully respond. FIG. 8 illustrates the condition in 
which the newly selected offset, represented by the pulses 
Vr2 and Pr'12, is to the left on the time scale with 
respect to the position of the rotor of potentiometer PO4 
resulting from the previous offset, represented by the 
pulse Pr. This is a condition in which the pulse Pr must 
move to the left as indicated by the small arrow associated 
with it in SUBFIGURE 8c toward coincidence with the 
pulse Pri.2 above, and consequentially illustrates the 
counter clockwise rotation of the rotor of potentiometer 
PO5 by the operation of the winding CCW, by the com 
bination of relay contact 590 being closed and relay 
contact 592 being closed, and this consequently repre 
sents the condition of relay OS being released and relay 
OD being energized as previously described above. It 
will be noted in this connection that the pulse Pr falls 
within the period or phase position of the positive half 
of the square wave represented by Vr2 above, the spike 
pulse Pr being from the output of the pulse former PF2 
and the spike pulse Pr2 and corresponding square pulse 
Vr12 being from the output of the pulse former PF3. 
The counter clockwise drive and corresponding move 

ment to the left of the pulse Pr illustrated in FIG. 8 will 
continue until pulse Pr coincides in position with the 
pulse Pr12, at which coincidence the drive of the motor 
RDM will be stopped and the rotor of potentiometer POS 
will stop in its new position because of the coincidence 
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of pulses and consequent operation of relay OS by co 
incidence gate CG2. 
The condition illustrated in FIG. 9 is another assumed 

condition opposite to that of FIG. 8. This condition 
illustrated in FIG. 9 represents a relation of the pulse 
outputs of the pulse formers PF2 and PF3 derived from 
the output of the potentiometer PO5 and of the selected 
offset from one of the potentiometers PO1, PO2, PO3 
or PO4, where the newly selected offset is to the right 
an the time scale with respect to the old one, or in a 
clockwise position with relation to the old position of 
the rotor of potentiometer PO5, so that the pulse Pr must 
move to the right and the rotor of PO5 must be rotated 
in a clockwise direction to coincide with the newly se 
lected offset position. This is the condition described 
above in connection with FIG. 4d in which the relay con 
tact 590 is closed and the relay contact 59 is closed with 
both relays OS and OD released, to cause energization 
of the winding CW' for clockwise rotation of the rotor of 
potentiometer PO5 toward coincidence with its new home 
position. 

It will be noted in FIG. 9 that the square pulse Vri3 
in SUBFIGURE 9a and the spike pulse Pr3 below it are 
in the same relation to each other but both of these pulses 
are to the right of pulse Pr shown in SUBFIGURE 9c. 
Thus this illustrates the condition of noncoincidence of 
the spike pulse Pr representing the positive pulse output 
of pulse former PF2 and the square wave pulse Vr3 
representing the positive square pulse output of pulse 
former PF3 in the present assumed condition. The spike 
pulse Pr3 represents the positive spike pulse output of 
pulse former PF3 in this present assumed condition. 

In view of the noncoincidence of pulses Pr and Vri3 in 
the assumed condition of FIG.9, the coincidence gate CG3 
controlled by the phase comparison of these pulses will not 
be operated and its output relay OD will therefore be re 
leased. Similarly, because of the noncoincidence of pulses 
Pr and Pr3 as illustrated in the assumed condition of 
FIG. 9 the coincidence gate CG2 controlled thereby will 
also not be operated and its output relay OS will be re 
leased. This combination of conditions with relay OD re 
leased and relay OS released will continue until the clock 
wise driving of the rotor of potentiometer PO5 has brought 
it into position to correspond with the new offset relation 
and consequently will have brought pulse Pr into coinci 
dence with pulse Pri3 at sometime after the condition 
illustrated in FIG. 9. When such coincidence has been 
reached coincidence gate CG2 will be operated to energize 
its relay OS, and the relays OS and OD will thus be in the 
positions shown in FIG. 4d. 

Referring now to FIG. 13 a block diagram is presented 
illustrating how the several figures of FIG. 4 may be ar 
ranged so as to show a complete circuit diagram. The 
FG. 4a would be arranged as the upper left diagram 
with FIG. 4b directly to the right of FIG. 4a. FIG. 4c 
would be arranged below FIG. 4a with FIG. 4e directly 
(below FIG. 4c. FIG. 4d would be arranged directly 
below FIG. 4b and to the right of FIG. 4c. 

Referring now to FIG. 4 which is composed of FIGS. 
4a, 4b, 4c, 4d, and 4e, arranged as shown in FIG. 13, this 
FIG. 4 shows a detailed schematic circuit diagram of a 
preferred embodiment of a local controller combining 
several features of the invention cooperatively in one 
system, particularly adapted for operation in a traffic 
control system of the general type illustrated in block dia 
gram in FIG. 1 and involving master control of the total 
time cycle for traffic signals for example, with master 
controlled expansion and contraction of the time cycle, 
and master controlled change of split of the time cycle, 
and master controlled selection between several locally 
adjusted offsets of the individual local time cycles at the 
individual local controllers, and with smooth transition 
of the local time cycle from one such offset selection to 
another, the local cycle being partly distributed on a 
percentage basis by locally adjusted percentage potenti 
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13 
ometers to expand with the total time cycle, and also 
involving local timing of the yellow or clearance signals, 
along with parts of other signal periods desired, so that 
the local timing of the several local controllers may be 
individually adjusted locally while being also jointly ad 
justed and synchronized by the master controller, and thus 
the local time cycle is controlled and timed partly from 
the local controller, all in cooperation with traffic actua 
tion at the local controller. 

FIG. 4 here presented in five sections, FIGS. 4a, 4b, 
4c, 4d and 4e is illustrated in a rest position. The signals 
at the controlled intersection will show a green signal for 
go for vehicle traffic on Street A, a green walk signal for 
pedestrians to cross Street B and/or Street C, and red 
signals for stop for vehicle traffic on Street B and Street C 
with red or wait signals for pedestrians to cross Street A. 

it will be assumed for the purpose of illustration that 
the local controller is in simultaneous offset operation. 

F.G. 4 consists of FIGS. 4a, 4b, 4c, 4d and 4e which 
illustrations comprise a complete circuit when arranged 
so that FIG. 4b is to the right of FIG. 4a while FIGS. 
4c and 4d are arranged under FIGS. 4a and 4b respec 
tively with FIG. 4e arranged under FIG. 4c, all as shown 
in FG. 13. 

FIG. 4a illustrates five relays LO, SB3, SB2, INT and 
MM and their associated contacts below the respective 
relays. The relays SB3 and SB2 serve to control the 
selection of cycle “splits' of one phase of the local con 
troller, for example phase B while relay LO serves to con 
trol the point in the cycle at which splits may be changed. 
The relay INT serves as part of one of the timing circuits 
while relay MM serves to advance the wiper arms of the 
six banks of the rotary stepping switch, three banks of 
which appear in FIG. 4a. 
The relay LO is illustrated as energized while relays 

SB3, SB2, INT and MM are illustrated as deenergized. 
The wiper arms Ai, B1 and C, associated with the 

respective banks A, B, and C of the rotary stepping switch 
appear in FG. 4a illustrated in position 1. 
The relays SB3 and SB2 select the local split adjust 

ments associated with phase B, for example, under con 
trol of relay LO and the remote offset selection. 
To the right of the contacts of the aforementioned 

relays LO, SB3 and SB2 is a group of three cycle per 
centage split adjustment potentiometers PB, PB2 and 
PB3, all associated with phase B, for example, of the 
type shown as PA1 and PA2 in FIG. 3. Each potentiom 
eter is associated with timing adjusting resistors TB1, 
TB2, and TB3 respectively, which are connected to the 
desired calibration point on a potential divider PDX at 
point PD--. 
The combination of potentiometer PB1 and resistor 

TB1 effect “split' 1 of phase B, for example, while PB2. 
and TB2 and PB3 and TB3 effect "splits' 2 and 3 re 
spectively of phase B. 
The block of resistors PA below the contacts asso 

ciated with relay LO serve to produce a voltage from 
lines FC phased to provide a zero reference point in a 
cycle, from which "split' percentage points in the local 
cycle may be obtained by adjustment of the potentiom 
eters PB1, PB2 and PB3 respectively for phase B, for 
example, for remote selection. 
The three horizontal lines marked FC are input vari 

able frequency lines from the master controller, and 
correspond to the lines similarly labeled in FIGS. 1, 2 
and 3. 

Immediately below the lines FC are the aforemen 
tioned three banks, A, B and C of a thirteen position 
rotary stepping switch of the familiar telephone type with 
wiper arms A1, Bi and C1 with wiper arm C1 a bridged 
wiper. The additional contact banks D, E and F with as 
sociated wiper arms D1, E1 and F1 are shown below in 
FIG. 4c. 
The relay MM, located below the bank C, to the right 

of FIG. 4a with some of its associated contacts, repre 
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sents a motor magnet used to advance the wiper arms 
of the several banks of the rotary stepping switch step 
by-step in a manner familiar to those in the art. 

Additional adjustable timing resistors TP1, TP2, TP3, 
TP4 and TP5 are found below the bank C of the rotary 
stepping switch with which the several adjustable timing 
resistors are associated, each being connected to certain 
positions in the bank C while the terminals marked PD-- 
are connected to a selected position on the potential di 
vider PDX shown in FIG. 4e. 
The relay INT, and its contact, tube FA and capacitor 

TC also found below the bank C on the right of the dia 
gram, are parts of one of the timing circuits associated 
with some of the timing resistors as more fully described 
hereinafter. 

Referring to FIG. 4b, in the upper left of the dia 
gram are relays SC3 and SC2 and their associated con 
tacts below the respective relay. These relays illustrated 
as deemergized, serve the same purpose with relation to 
phase C as relays SB3 and SB2 of FIG. 4a serve with 
relation to phase B as previously described. 
Also associated with phase C are potentiometers PC1, 

PC2 and PC3 and timing adjustable resistors TC, TC2 
and TC3. These several relays, potentiometers and tim 
ing adjustable resistors are particularly associated with 
the several "splits' of phase C in a similar manner as 
those relays, potentiometers and timing adjustable re 
sistors mentioned above in FIG. 4a, associated with phase 
B. The relay LO of FIG. 4a also controls the relay SC3 
and SC2 of FIG. 4b as mentioned above relative to re 
lays SB3 and SB2 in FIG. 4a. 
The potentiometers PC1, PC2 and PC3 of FIG. 4b are 

similarly connected to the reference frequency lines FC, 
from the master controller, as described above relative 
to potentiometers PB1, PB2 and PB3 of FIG. 4a. 

Directly to the right of the timing adjustable resistors 
in FIG. 4b are six fixed terminals that may be in the 
form of insulated screw terminals, for example, and five 
adjustable forked terminal leads. The adjustable forked 
leads, which may be called “offset” leads, for example, 
are connected to the desired fixed terminals, which may 
be called "split' terminals, for example. Any one or 
more "offset' leads may be connected to any “split’ 
terminal to obtain the desired split of the cycle during 
any selected offset operation of the local controller. 
These terminals are shown unconnected for convenience 
of illustration. It will be observed if the adjustable 
“offset' leads are not connected to any of the “split” 
terminals or if the “offset' leads are connected to the 
two uppermost "split' terminals the split number 1 will 
be in effect via back contacts of relays SC3, SC2 for 
phase C and via back contacts of relays SB3 and SB2 for 
phase B as described more fully below. It will be un 
derstood that the adjustable “offset' leads may be cross 
connected to the 'split' terminals as desired. 
The two selector switches SS1 shown in FIG. 4c and 

SS2 shown in FIG. 4b are ganged switches having four 
possible positions each for a different form of operation 
of the local controller. These switches are shown sepa 
rated for convenience of illustration. The switches SS: 
and SS2 are illustrated fully counter clockwise and in 
dicate a position of "actuated and free' operation. How 
ever, by turning the selector switches to the next posi 
tion clockwise the "actuated' condition may be obtained. 
The next position clockwise would provide "Phase B pe 
destrian recall” while the fourth position would provide 
"Phase B vehicle recall” all as described more fully be 
low. 
The relay FRR is located below the selector switch 

SS2. Relay FRR which would be energized for “free' 
operation of the local controller is shown deemergized in 
the condition assumed. 
To the right of the insulated "split' terminals and ad 

justable forked terminals are four indicator lamps of a 
neon type for example, which will be illuminated indi 
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vidually to indicate when the local controller is in "free,” 
outbound, inbound or average offset operation. 
Again to the right are five relays OT, OT, IN, SIM 

and PR with their associated contacts below the respec 
tive relay. On the upper right of the diagram are four 
lines OC, OC1, OC2 and SM1, which lines correspond 
to the lines similarly labeled in FIG. 1 and FIG. 2. 
These lines are the three offset selection input lines from 
the master controller, OC, OC2 and SM1 and a com 
mon ground line OC from the master controller. 
The relays OT, OT, IN and PR are illustrated de 

energized while relay SIM is illustrated energized in the 
assumed condition of the local controller. 
The selector switches SS3 and SS4 are shown in posi 

tion 1 which position will cause the local controller to 
be in coordination with the system and also to provide 
simultaneous operation, when called for by the master 
controller. 

If the selector switches SS3 and SS4, which Switches 
are ganged, were connected to position 2, the local con 
trollier would be in the coordinated system but not allowed 
to go into simultaneous operation. Position 3 of the 
selector switches SS3 and SS4 would place the local con 
troller in isolated operation. 
When selector switches SS3 and SS4 are placed in 

position 3, switch SS4 will supply a ground line to relay 
PR and thus place the local controller in isolated opera 
tion; however relay PR is deemergized with Switch SS4 
in position 1 as shown. 

Four potentiometers PO1, PO2, PO3 and PO4 are 
associated with inbound offset, outbound offset, average 
offset and simultaneous offset respectively. Potention 
eter PO5 provides a local reference wave energy for estab 
lishing the offset effective for the local controller. 
A reversible motor RDM is illustrated to the right of 

the potentiometers. The three lines bracketed and 
labeled FR are input reference frequency lines from the 
master controller, corresponding to those similarly marked 
in FIGS. 1, 2 and 3. 

In FIG. 4c of the diagram are illustrated the remaining 
three banks D, E and F of the thirteen position rotary 
stepping switch. Below the bank F there is illustrated 
fifteen relays BD, BM, AG, AY, BG, BY, CG, CM, CD, 
BP, BWT, BS, CS, CWT and CP with their respective 
contacts arranged below the relay. Relays BM, AG, 
CM, BWT, and CWT are illustrated as energized while 
the remaining ten relays are illustrated as deemergized. 
To the left of relay BD is a set of contacts VDB which 
contacts represent a vehicle detector associated with the 
phase B. To the left of relay BP is illustrated a push 
button PBB representing a pedestrian actuated pushbutton 
associated with the phase B. Both the vehicle detector 
VDB and the pedestrian pushbutton PBB would be lo 
cated externally but are here illustrated as internal parts 
for convenience of illustration. On the right of FIG. 4c 
is a selector switch SS6. Switch SS6 is illustrated in posi 
tion 2, which is an “off” position, however position 1, 
the extreme counterclockwise position, would cause a 
phase C pedestrian recall, while position 3, the extreme 
clockwise position, would cause a phase C vehicle recall. 
The terminal of position 1 of selector switch SS6 is con 
nected to the ground side of relay CP and the terminal 
of position 3 of selector switch SS6 is connected to the 
ground side of relay CD. 
To the right of relay CP a pushbutton PBC is illustrated 

representing a pedestrian actuated pushbutton associated 
with the phase C. Above relay CD is a set of contacts 
VDC representing a vehicle detector associated with the 
phase C. Both vehicle detector VDC and pedestrian 
pushbutton PBC are illustrated as internal parts for con 
venience but are external to the local controller. 

in the lower Section in the center of the diagram are 
two timing adjustable resistors TP6 and TP7 associated 
with interval timing as explained below. 

Directly below bank F are three contacts CA, CB and 
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CC. These contacts are employed during "isolated" op 
eration only and are closed via the rotating action of 
can arms on can shaft Civ. 3 illustrated above the rever 
sible motor RDM in FIG. 4b, all of which is explained 
hereinafter. - 

FIG. 4d generally is a diagram of three pulse former 
networks PF, PF2 and PF3, arranged in a vertical col 
umn at the left, and three coincidence gate circuits CGE, 
CG2, CG3 and their associated output relays MAX, OS, 
and OD respectively, arranged at the bottom of the dia 
gram with their respective contacts beneath them. 

These three pulse former circuits PFA, PF2 and PF3 
are indicated in general by the dash line blocks so desig 
nated and are associated on their input sides with the 
respective transformers T1, T2 and T3 at the left, and 
the coincidence gate circuits CGA, CG2 and CG3 are 
similarly indicated by dash line blocks and control the 
respective output relays MAX, OS and OD. The pulse 
former of each horizontal row extends to the right of the 
output winding at the right of its associated transformer 
about /3 of the way across the figure as indicated by the 
broken line block designated PF, in connection with the 
lower most row, and the coincidence gate circuit is in 
general at the right half of each row as indicated in the 
broken line block designated CGA for example, in con 
nection with the lower most row, but the pulse former 
of each row is not necessarily associated only with the 
coincidence gate of the same row, as will be described 
below. 
The lowest of the three coincidence gate blocks CG1 & 

and its output relay MAX is concerned at its output end 
with control of the motor magnet MM (in FIG. 4a) and 
the advance of the stepping Switch in certain positions 
as described, such as steps 1, 7 and 11. 
The pulse former PFa is concerned at its input end 

with the output of the resistor network PA and potentiom 
eters PBS, PB2, PB3, PC, PC2 and PC3, establishing the 
locally adjusted percentage points for the control of the 
advancing of the wiper arms of the stepping switch at the 
desired steps in its cycle, in association with the control 
lines FC from the master controller, the output of pulse 
former PF being supplied to the input of coincidence 
gate CG1. As will be more fully described hereinafter, 
the resistor network PA is more closely associated with 
phase A while the potentiometers PBS, PB2 and PB3 are 
more closely associated with phase B and potentiometers 
PC, PC2 and PC3 associated with phase C of a single 
cycle of the local controller. 
The middle pulse former PF2 is connected at its input 

end with the output of potentiometer PO5 via transformer 
T2, the output of potentiometer PO5 serving as what 
might be called a local reference voltage, which in its 
normal stable condition on completion of its homing op 
eration is in phase with the output of whichever one of 
the several potentiometers PO1, PO2, PO3 or PO4 is 
Selected by remote control from the master controller, 
all of the several potentiometers just mentioned being 
associated with the reference frequency lines FR. 
As more fully described below, the output from one of 

the potentiometers PO1, PO2 or PO3 is selected by opera 
tion of either one or both of the relays OT (and OT) or 
IN all through the offset control lines OC, OC2 and OC 
from the master controller, or potentiometer PO4 is 
selected by the operation of relay SIM over the offset 
control lines SMS and OC from the master controller. 
The reversible motor unit RDM in FIG. 4b is controlled 
by the outputs of the middle and upper coincidence gates 
of FIG. 4d to drive the rotor of the potentiometer PO5 
in F.G. 4b in the nearest direction at a relatively slow 
rate to coincidence of phase displacement with one of the 
four potentiometers selected by the master controller to 
determine the offset of the local controller cycle. 

Relays OT, OT and N are for convenience shown 
deenergized with relay SIM energized indicating simul 
taneous offset demand as assumed, but it will be under 
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stood that relays OT and OT", or relay IN or both relays 
OT, OT and IN may be energized with relay SIM, and 
in most cases likely would be so energized, although this 
would not prevent simultaneous offset selection with relay 
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SM energized. Relay OT is merely a contact multiply 
ing relay for relay OT. 

it will be understood that from the moment of change 
in offset selection by the master controller until the rotor 
of potentiometer PO5 has completed its rotation in its 
homing operation to coincidence with the newly selected 
offset or phase relation, the output of potentiometer PO5 
will be slowly changing in phase, and will be controlling 
puise former PF2 in FIG. 4d during such change as well 
as when at rest in its final position. The output of this 
pulse former PF2 will be applied to the input of the 
coincidence gate CG for comparison with the output of 
puise former PFI to control the stepping switch in each 
desired percentage controlled point in its cycle. However, 
as more fully explained below, the output of pulse former 
PF2 is also applied to the coincidence gates CG2 and 
CG3 to control the homing operation of the rotor of 
potentiometer PO5 by means of the reversible motor 
RDM. In this connection the coincidence gate CG2 is 
employed to stop the motor at coincidence of the output 
voltage wave of POS with the output of the selected volt 
age wave of one of the potentiometers PO1, PO2, PO3 
or PO4. 
The output of pulse former PF2 is also applied to the 

input of the coincidence gate CG3, the output of which 
controls relay CD which controls the direction of rota 
tion of reversible motor RDM, this being accomplished 
by phase comparison of the spike pulse output of pulse 
former PF2 with the square wave output of the pulse 
former PF3 of FIG. 4d, this latter pulse former having 
both a square wave output and a spike pulse output. 
To the left of pulse former PF3 is a relay MMR with 

its associated contacts below the relay, the relay MMR 
being illustrated as energized. 

Below pulse former PF in phantom form, is relay MM 
with one of its contacts while below the relay MM here 
illustrated deenergized is a pushbutton MB which may be 
used for manual control of the local controller. 
The FIG. 4e illustrates 10 relays, RR, AGD, AGR, 

AW, BGD, BGR, BW, CGD, CGR, and CW. These 
Several relays, with their contacts directly beneath them 
control the signal lights individually represented by 24 
circles beneath the contacts of the relays. The several 
circles illustrate signal lights of the conventional colors, 
green for go, yellow for caution, or clearance and red 
for stop plus pedestrian walk and wait signals as desired. 
Also, included in the several signals are a series of over 
lap signals which will be later discussed. 
To the left of relay RR and its associated contacts are 

two adjustable timing resistors TP8 and TP9. 
Beneath the several signals are five adjustable timing 

resistors TP10, TP1, TP12, TP3 and TP4. The seven 
adjustable timing resistors with reference to FIG. 4e 
all' have terminals marked PD-- which terminals are con 
nected to a selected position on a potential divider PDX 
shown at the bottom of FIG. 4e. 
The switch SS7 located near the adjustable timing 

resistor TPS is an on-off switch, here shown in the on 
position to Supply alternating current power to illuminate 
the Several signal lights through circuits that will herein 
after be described. 
The potential divider PDX in the lower section of 

FIG. 4e is made up of several resistors with taps so that 
the several adjustable timing resistors may be connected 
to the desired tap from points PD-- on the timing 
potentiometer. 
The four relays RR, AGD, AGR and AW of FIG. 4e 

are illustrated as energized while the remaining six relays 
are iliustrated in a deenergized condition. 
The FIG. 4, including FIGS. 4a, 4b, 4c, 4d and 4e, 

having been described, the operation of the pulse formers 
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Fs, PF2 and PF3 and the coincidence gates CGA, CG2 
and CG3 will now be described. The output of pulse 
former CG1 is concerned with the energization of relay 
MAX, which relay is concerned with the energization 
of the motor magnet MM in certain positions of the rotary 
stepping switch as will be fully described below. 
With the contacts and certain relays open, as will later 

be described, the circuit of cathode 213 is open so that 
the tube 265 of the coincidence gate CG cannot pass 
current even though all of the conditions of the circuit 
in FIG. 4d place the coincidence gate CG in coincidence 
to pass current. 

Capacitor 26 aids in certain control of the coincidence 
gate CGA. Capacitor 20 is rapidly charged from the 
power supply through line 15, resistor 26, line 27, 
adjustable resistor 125, tap 24, line i38, line 89, contact 
75, of relay FRR, line 79, line 78 to the capacitor 23, 
which capacitor is associated with the input wire 53 
of coincidence gate CG to control the grid bias of one 
of the two control grids of the coincidence gate tube. 
This capacitor 29 brings the bias on the control grid 
of the coincidence gate tube from a relatively high negative 
blocking value to a point near zero bias at which the 
tube can pass plate current if the other control grid is 
also at Sufficiently low negative or near zero bias. As 
will be seen below, upon energization of the motor magnet 
MM, shown in FIG. 4d in phantom form, contact i8 
of the motor magnet MM is closed to discharge the 
capacitor 529 through resistor R6, contact 18 to ground, 
thereby discharging the capacitor to substantially zero 
with respect to ground. With the capacitor 20 so dis 
charged the bias of the control grid of the coincidence 
gate tube is increased to a relatively high negative block 
ing value to stop the passage of plate current through 
the tube. 

In certain modes of operation of the local controller 
the capacitor 20 is charged slowly at a preadjusted 
timing rate through certain charging circuits hereinafter 
described. Thus in certain modes of operation the ca 
pacitor 120 serves as a timing capacitor while in other 
modes of operation of the local controller the capacitor 
120 serves to block the passage of current to the coin 
cidence gate at the end of a timed interval. 
When the capacitor is employed for purposes of timing 

the transformer T1 is shunted by certain contacts of 
the relay FRR, then energized. Certain other contacts 
of the relay FRR, when relay FRR is energized, con 
nect a capacitor i26 to certain charging circuits herein 
after described. Thus in a percentage timing position 
of the contact banks A and B since the puise former 
PF has its input disconnected the pulse former provides 
no output to the line 158 and this line is controlled only 
by the timed controlled charging of capacitor 120. 

In the modes of operation of the local controller in 
which it is desired to have the percentage control frcm 
the control frequency lines FC via locally adjusted po 
tentiometers, the capacitor 120 is disconnected from the 
timed charging rate control adjustable resistors and is 
instead connected to the potential divider made up of 
resistors 126 and 128 and an adjustable resistor 25, 
to be charged rapidly through the circuit previously de 
scribed. The potentiometer 124-125, or more particu 
larly its resistance element 125, is a part of a potential 
divider from positive D.C. power at a terminal i5 via 
resistor 126, wire 127, resistor 125 and resistor 128 to 
ground at junction 132 in series. Capacitor 131 is con 
nected between wire 127 and junction 132 at ground. 
This combination serving to provide an operating po 
tential for the cathode somewhat above ground and more 
positive normally than the point at tap 124 associated 
with the control grids via the respective resistors 21, 
180, 225 and 232 and thus establishing a normal nega 
tive bias relation between these control grids and the 
cathode of the several coincidence gate tubes. The cath 
odes of the several coincidence gate tubes are connected 
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2? 
via wire 133 to the wire 127 at the upper or positive side 
of capacitor 13. 

Coincidence gate circuit CGi in FIG. 4d is represen 
tative of the corresponding coincidence gate circuits 
CG2 and CG3 above and since the pulse former circuit 
PF and its associated transformer T are representative 
of the pulse former circuits PF2 and PF3 above and their 
asSociated transformers T2 and T3, except for a dual 
purpose output arrangement in connection with pulse 
former PF3 as further described below, only pulse former 
PF and its associated transformer T and coincidence 
gate CG1 will be described in detail. 
The input side or winding 56 of the transformer T. 

is connected via wires 70 and 71 to wipers A and B. 
of banks A and B respectively of the stepping switch 
contacts. The capacitor 36 is connected across these 
Wires at the input winding 56 of transformer T. The 
capacitor tunes the input wiring of the transformer to 
the frequency of the voltage wave on the lines 70-72, 
as for example 400 cycles per second. This capacitor 
reduces the loading of the transformer on the resistor 
network PA and potentiometers PB1, PB2, PB3, PC1, 
PC2, and PC3, and reduces the amount of error between 
the mechanical position of the potentiometer rotor and 
the actual phase angle of the output voltage from the 
potentiometer rotor contacts. 
The input transformer Ti preferably steps up the sine 

Wave voltage somewhat, and at its output winding 57 
applies this stepped up voltage via resistor 37 to con 
trol grid 141 of the first triode section 45 of the pulse 
forming circuit PFA, the other side of the transformer 
output winding 57 being connected at junction 143 to 
the cathode of this triode section and to ground. Ca 
pacitor 137 connected across resistor 137 develops a 
Small operating bias for the tube 145 and as soon as 
the positive half cycle of the input sine wave occurs, 
the grid draws current causing a voltage drop across a 
resistor 137. This causes the positive half of the wave 
to be limited to a low value and when the negative half 
of the wave appears at the input, it swings the grid 141 
to negative bias beyond cutoff. The plate 44 of tube 
145 is connected to junction 142 and returns to resistor 
146 and wire 147 to B-- power supply. 

Therefore, the voltage on plate 44 appearing on junc 
tion 142 has a low positive or substantially zero value 
corresponding to the positive half of the original sine 
Wave input at transformer TE, and has a partially squared 
positive pulse form corresponding to the negative half 
of the original sine wave input. 
By means of the coupling capacitor 151 this pulse 

form is applied across the load resistance 52 and via 
the series grid resistor 153 to grid 154 of the second 
triode tube, section 55. The capacitor 51 is connected 
between junction 142 and junction 148. Resistor 52 is 
connected between junction i48 and ground. 
The resistor 53, between junction 148 and grid 154 

Serves for grid limiting on the positive half of the par 
tially square pulse wave input at this grid so that the 
pulse output of this tube section 155, at its plate circuit 
i56, provides a substantially square wave. The cathode 
of tube 155 is connected to ground at 57, and the plate 
circuit 156 is connected from junction 161 via resistor 
162 to wire 147 and the B-- plate voltage supply. 
The square wave pulse output of the plate circuit 

156 at junction 161 is differentiated by capacitor 163 in 
conjunction with resistor 2 to apply a sharp narrow 
Spike pulse in the positive direction to the upper control 
grid at input circuit 158 of the coincidence gate cir 
cuit CG1, corresponding to the point at which the square 
Wave pulse crosses zero rapidly to become positive, and 
corresponding with the same relative transition point of 
the original sine wave for example. 

It will be appreciated that this spike pulse output is 
relatively positive in relation to the normal negative bias 
of this grid of the coincidence gate tube 165, as estab 
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lished by the circuit including resistance 2 connected 
from the junction point 164 at the left end of line 158 
and the right side of condenser 163 and continuing via 
wire 79, contact 75 of relay FRR, line 80, wire 138, to 
tap 24 of potentiometer providing the adjusted grid bias 
for the two control grids of the coincidence gate tube 65. 

It will be appreciated that a positive spike pulse is 
provided at the output side of capacitor 63 correspond 
ing to one side of the square wave input at the left side 
of this capacitor and a negative spike pulse at the oppo 
site end of such square wave input. The operating points 
of the triode section 45 and 155 are chosen to develop 
a strong narrow positive pulse and the negative spike 
pulse may be of somewhat less amplitude and sharpness 
than the positive spike pulse, but in any event the nega 
tive pulse serves to further bias the coincidence gate tube 
grid 67 connected to the line 158 and thus is ineffective 
in making this tube conducting. 
The coincidence gate tube 165 is of the general type 

having two controls grids, both of which must be sub 
stantially zero or positive bias to make the tube pass 
any appreciable plate current. Thus, the control grid 
567 of the coincidence gate tube 65 and the lower con 
trol grid 63 jointly control this tube in relation to its 
cathode 69. 
Thus the pulse former PF in two stages associated 

with the tube sections 145 and 55 provides a square wave 
pulse, as generally illustrated in FIG. 5b in response to 
the sine wave input to transformer T from the lines 
70-75 from the percentage determining potentiometer 
through the circuit as previously described, and the ca 
pacitor 163 in conjunction with the load resistor 2; and 
its associated circuit connection to the desired normal 
grid bias, provides the narrow spike pulse forms gen 
erally indicated in FiG. 5c, this spike pulse output being 
provided on the input line 158 to coincidence gate CG1. 
The input to the lower control grid 68 of the coincidence 
gate tube 65 is connected to an isolating resistor 73, 
the left side of which is connected to the wire 75 ex 
tending upward to connect with the other two coincidence 
gates above in FIG. 4d. This line 175, at junction 176, 
connects with wire 77 extending to junction 89, at 
the output side of a differentiating capacitor 170 in the 
pulse former PF2 and at the upper side of load resistance 
80 of this pulse former, and resistance 180 being con 

nected between junction 189 on wire 77 and junction 
139 on wire 236, and thence via wires 236, 38 to the 
grid bias potentiometer tap 124. The isolating resistor 
173 may be considered a part of this line 175, or it 
might be included in the same grid circuit within the 
coincidence gate CG1 and considered a part of the latter. 
A pulse former PF2 of FIG. 4d is generally associated 

with the locally displaced reference frequency wave en 
ergy. The pulse former PF2 provides a sharp spike pulse 
output in similar fashion to that described in connection 
with pulse former PF, but in corresponding relationship 
to the locally displaced reference wave energy, and this 
spike pulse is applied to all three of the lower grids of 
the respective coincidence gate tubes, of coincidence gates 
CGA, CG2 and CG3, in each case via isolating resistors 
as described in connection with resistor 173 of CG1. 
Thus the spike pulse, locally phase displaced as desired 

in relation to the reference frequency wave energy on 
the lines FR from the master controller, is supplied to the 
three coincidence gate circuits for phase comparison with 
the other wave energy inputs to their respective other 
control grids, and in the case of coincidence gate circuit 
CGi is compared with the percentage point phase related 
output of the pulse former PFI to actuate the coincidence 
gate circuit CG1 to operate its output relay MAX to 
actuate the motor magnet MM of the stepping Switch at 
the corresponding percentage points of the cycle. 
The spike pulse output of the pulse former PF2 on the 

lines 177 and 75, and applied to the several lower con 
trol grids of the coincidence gate tubes, corresponds with 
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the spike pulse Pr appearing in FIGS. 5 and 6. This 
pulse also corresponds with the spike pulse Pr shown 
in FIGS. 7, 8 and 9, as will be further described below. 

Continuing now with a description in more detail of 
the coincidence gate circuit CGS as representative of the 
several such circuits designated CG1, CG2, CG3 of FIG. 
4d, the coincidence gate tube 165 and its two control 
grids 167 and 68 have previously been mentioned. The 
cathode 69 of this tube is connected to the line 133, 
and via this line to the wire 27 to establish a cathode 
potential normally more positive than the two control 
grids as provided by the potential divider and the potein 
tiometer arrangement previously described extending from 
the positive line 25 to the ground terminal 32 with the 
capacitor A3A between the wire 27 and the ground ter 
minal 132. The plate circuit 178 of this coincidence gate 
tube is connected via resistance 88 and wire 82 to the 
B-- supply terminal. 
The screen grids 167 of the coincidence gate tube i65 

are connected through resistor 83 and Wire 182 to the 
B-|- supply terminal. 

In the percentage potentiometer control positions of the 
stepping switch, the normal bias applied to both the con 
trol grids of the coincidence gate tube 165 is sufficient 
to keep the tube bias well beyond cutoff. Any negative 
pulses only add to this bias and the tube remains cut off. 
The positive pulse output of the respective pulse formers 
into the tube control grids of this coincidence gate tube 
are of sufficient amplitude to overcome this applied bias, 
and if both the control grids are positive at the same time, 
as in coincidence of these pulses, plate current flows in 
the gate tube i65 and a negative pulse appears at the 
plate current circuit 78. The coupling capacitor 184 
applies this pulse from the plate circuit 178 across the 
load resistor 186, and to the control grid 87 of the triode 
tube section 185, this grid circuit being connected to 
junction 188 between capacitor 184 and resistor 186, the 
lower end of the resistor being connected to the B-- 
power supply, to which also the plate circuit 91 is con 
nected. 

It will be appreciated that the output pulses at the plate 
circuit of tube 65 are repeated during the brief coin 
cidence period, at the frequency of the reference and 
control lines which has been assumed for example to 
approximate 400 cycles per second and thus during the 
coincidence or overlap of the pulse outputs of the two 
pulse formers which are being compared at the coin 
cidence gate circuit, the capacitor 184 passes each of the 
series of coincidence pulses. 
The cathode 192 of the tube 185 is connected in series 

through resistance 193 to ground. The output of this 
tube circuit is taken from leads 194 and 196 across the 
cathode load resistance 193, and this tube circuit thus 
serves as a cathode follower, which avoids loading the 
coincidence gate tube and obtains a low impedance driv 
ing source for the next following rectifier circuit associ 
ated with the diode tube section 95. 
The upper end of the resistor 193 at the cathode cir 

cuit 92 is connected via wire 194 to the left side of ca 
pacitor 197, the right side of which is connected to wire 
198 to the cathode circuit of diode 95 at junction 20. 
The lower side of the resistance 193 at ground is con 
nected via wire 196 to the plate circuit of the diode 195 
at junction 202. 
Thus each of the series of brief negative pulses, at the 

400 cycle per second rate and of the time length of the 
order of 400 of each Such cycle, for example, by co 
incidence, appear as a reduction in voltage across the 
cathode load resistance 193, and quickly discharge ca 
pacitor 197 via diode rectifier 95. Between the remain 
ing periods between pulse of the series, that is for the 
remaining more than 99% of each cycle of the 400 cycles 
per second, for example, at coincidence the capacitor 197 
will be recharging via resistance 206 to the normally 
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higher voltage across resistance 93 between negative 
pulse and at noncoincidence. 
The charging time of capacitor 97 via resistance 206 

is sufficient so that, for the over 99% of the time period 
of the 400 cycles per second waves between negative 
pulse of successive waves, there exists a sustained positive 
average voltage across resistance 266 with respect to 
ground. At junction 203 this average direct current volt 
age at coincidence is applied to the control grid of a direct 
current amplifier tube section 205 illustrated in triode 
form, and this reduces the bias of the grid with respect 
to the cathode in this tube 205, so as to operate relay 
MAX in the anode-cathode circuit. The brief negative 
pulse on the control grid while capacitor 97 is discharged 
is of such short duration that the anode current through 
the coil of relay MAX does not fall sufficiently to release 
the relay. Thus relay MAX is operated throughout the 
period of coincidence of the two positive spike pulses at 
the input of the coincidence gate CG1. 
The plate of tube 205 is connected via wire 21 to 

the relay MAX, which relay coil is connected to the power 
Supply represented by a plus in a square. The cathode of 
the tube 205 is connected via wire 234 through any one 
or all of several contacts of several relays to point i9 
on the potential divider in FIG. 4e through resistor R4 
to ground. 
Thus since the cathode 213 of tube 205 is connected to 

a point above ground potential at junction 119 of the 
potential divider PDX and the control grid of tube 295 is 
connected normally to ground potential via resistor 206 
and leads 207, 96 in the absence of any coincident pulses 
to the coincident gate circuits, this provides a normal bias 
for the control grid of tube 205 to deemergize relay MAX 
under this condition of noncoincidence. 
As discussed above, upon the coincidence of input 

pulses the capacitor 197, diode 195 and resistance 206 
combination applies a direct current positive voltage to 
the control grid of tube 205 which will overcome the 
normal negative bias and make the anode cathode circuit 
of this tube sufficiently conducting to operate the relay 
MAX. 
Although the capacitor 197 is sufficiently large to sus 

tain the operation of the relay MAX between the rapidly 
repeated brief negative pulses at the 400 cycle per second 
rate for example, during coincidence it is not sufficiently 
large to continue to hold relay MAX operated for any 
substantial period of time after the end of such coinci 
dences. Thus relay MAX will be released properly at 
the end of coincidence after a brief but negligible time 
lag resulting from the recharge of capacitor 97. 
Thus with this description of the coincidence gate cir 

cuit CG1, the operation of the similar coincidence gate 
circuits CG2 and CG3 above will be understood. It will 
be noted in this connection that the cathode of the direct 
current amplifier tube section at the output ends of the 
latter two coincidence gate circuits are connected in com 
mon to the potential divider made up of resistor R9 and 
R10 connected between the direct current Supply and 
ground, the cathodes being connected in common to the 
potential divider at point 14. The plates of the direct 
current amplifier tube sections at the output end of the 
coincidence gates CG2 and CG3 are connected to the 
relay OS and OD respectively with both relays OS and 
OD connected to positive power via their respective coils. 

Similarly at the input ends of the several coincidence 
gate circuits the cathodes of the coincidence gate tubes 
of the circuits CG3 and CG2 are connected in common 
via wire 133 with the cathode of the coincidence gate 
tube 65 at wire 127 to the desired operating potential. 
The pulse former circuits PF2 and PF3 are identical 

with that described above for the pulse former PF ex 
cept that the pulse former PF3 in addition to the spike 
pulse output on line 224 also provides a substantially 
saguare vave puse output from the plate circuit of the 
output tubesection 355 of pulse former PF3 via wire 226, 

10 

5 

20 

25 

35 

40 

60 

65 

70 

75 

?? 
capacitor 227 to the upper input control grid of the co 
incidence gate tube of the circuit CG3 at junction 225 
via circuit limiting resistor 228. Capacitor 23i shunts 
capacitor 227 and the resistor 228, from wire 226 to the 
upper control grid also to provide a better squared pulse 
at the control grid. This capacitor 231 is connected from 
the junction with the lead 226 at the top of the capacitor 
227 to the junction between the upper control grid and 
the right hand end of resistor 228. For convenience in 
the drawing particularly in FIG. 4d, the common bias in 
cathode potential supplied on wire 33 and related op 
erating point potentiometer 24-25 and resistors 126. 
i28 and capacitor 131 are not included within the blocks 
designating the coincidence gates CGA, CG2 and CG3 
since they are in large part common to the several co 
incidence gates and it is obvious that separate such op 
erating point controls and the like might be employed 
individually and included within the coincidence gates if 
desired. The isolating resistors 173, 237 and 179 might 
also be included within their respective coincidence gate 
blocks, if desired. 

Similarly, the blocking capacitor and return resistor 
combination 227 and 232 and the current limiting re 
Sistor 228 and its by-pass pulse aiding capacitor 321 are 
illustrated outside of the blocks PF3 and CG3 for con 
venience in the drawing of FIG. 4d, but those elements 
could be included in PF3 or CG3 or divided between the 
two blocks. 
The circuit including capacitor 227 and the resistor 228 

and the shunt capacitor 23 provides a substantially 
Square Wave pulse to the upper control grid of the coin 
cidence gate tube of the coincidence gate circuit CG3, 
Whenever the sine wave input to the pulse former PF3 
is on its positive excursion, this square wave pulse also 
appearing across the load resistor 232, which is con 
nected between the junction 229 and the lead 233, the 
latter connecting the lower side of the resistor by a lead 
236 to the junction 29, wire 138 to tap 24, on the poten 
tioneter 124-125 setting the desired operating point 
above ground for the normal bias potential of the con 
trol grids of the coincidence gate tubes. 
Thus the upper control grid of the coincidence gate 

tube of the upper coincidence gate circuit CG3 goes sub 
stantially positive throughout the whole positive half 
of the sine wave output, from whichever one of the poten 
tioneters POP, PO2 or PO3, or potentiometer PO4 is se 
lected by the master controller through the operation of 
the relays OT-OT, IN, SIM, contacts of these relays 
asSociated with the output of only one of these several 
elements at one time via wires 50-51 to the input side 
of the transformer T3, and thence from the output of 
this transformer to the input of the pulse former PF3. 

With the relays OT-OT and IN deemergized and 
relay SiM energized as illustrated in FIG. 4d for ex 
ample, potentiometer PO4 is connected to the input of the 
transformer T3 of pulse former PF3 via lines 50-51. 
The sine wave input to the pulse former PF3 bears 

a predetermined phase relationship to the three phase 
reference frequency wave energy on the reference lines 
FR from the master controller. Therefore, the coinci 
dence gate CG3 has its upper control grid controlled by 
the square pulse output corresponding to the positive 
half of this sine wave. Its lower control grid is con 
nected via isolating resistance 179, wire B75, junction 
76 and wire 177 to the spike pulse output of the pulse 

former PF2 derived from the output of the potentiometer 
PO5. Thus the latter grid will receive a spike pulse at 
the beginning of each positive half of the sine wave out 
put of the potentiometer PC5. If this positive spike 
pulse output from PF2 derived from the potentiometer 
PO5 occurs within the positive half of the sine wave 
output from the potentiometer connected to the trans 
former T3, as selected from the several remotely selecta 
ble such inputs for pulse former PF3, the coincidence 
gate tube will conduct and coincidence gate circuit CG3 
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will therefore operate its output relay OD throughout the 
period of overlap of the spike pulse from PF2 and the 
square pulse from PF3. 

However, if the spike pulse output of PF2 applied to 
the lower control grid does not fall within the positive 
half of the sine wave as determined by the square wave 
positive pulse output of PF3 at the upper control grid of 
the gate tube, in other words if the positive spike pulse 
output PF2 occurs during the negative half of the sine 
wave output of the potentiometer so applying its output 
to the transformer T3, the upper control grid of the gate 
tube will not be sufficiently positive and despite the con 
tinuing spike pulses on the lower control grid, this tube 
will not conduct, and the coincidence gate circuit CG3 will 
not operate its output relay OD so that the latter will be 
in the deenergized condition under the circumstances 
last described. The effect of operation or release of relay 
OD will be described more fully below, where it will be 
seen that the energized or deemergized condition of relay 
OD determines the direction of drive of the reversible 
motor assembly RDM for rotation of the rotor of poten 
tioneter PO5. 
The spike pulse output of pulse former PF3 appears 

on line 224 in similar fashion to the spike pulse output 
of pulse former PFA at junction 64 and line 158 as de 
scribed above. Thus the spike pulse output of PF3 is 
carried via wire 224 to the upper control grid of the 
gate tube of coincidence gate CG2. This spike output 
appearing also across the load resistor 225 connected 
via leads 236 and 38 to the tap 124 establishing the de 
sired operating potential for normal bias of the control 
grid. The lower control grid of coincidence gate CG2 
is controlled via the isolating resistance 237 from the line 
175 to which the spike output pulse from pulse former 
PF2 is applied via wire 177. 

Since the upper control grid at the input of CG2 is 
controlled by the spike pulse output of pulse former 
PF3 associated with the wave energy on lines 58-5 de 
rived from the reference frequency lines FR in predeter 
mined phase relationship as selected by relays OT-OT, 
IN, or SIM and since the lower control grid at the input 
of coincidence gate CG2 is controlled by the spike pulse 
output from the pulse former PF2 in a phase relation de 
termined by the position of the rotor of potentiometer 
PO5 with respect to the wave energy of the reference 
frequency lines FR, therefore when these two spike pulses 
are in coincidence, which will be when the rotor of poten 
tiometer PO5 is in a position corresponding to that of 
the selected element controlled by the relays OT-OT, 
IN, or SIM, in the assumed position here illustrated cor 
responding to the phase position of the wave energy of 
the output of potentiometer PO4, the coincidence gate 
CG2 will be operated by the conduction of its gate tube, 
which will operate its output relay OS as long as such 
coincidence occurs. The relay OS is energized between 
the pulses of the series at a 400 cycle per second rate 
during the coincidence period, as discussed above. 
Thus the relay OS will be operated to stop the motor 

driving the rotor of the potentiometer PO5 when it is in 
coincidence with the potentiometer then seletced by the 
energization or deenergization of the relays OT-OT, IN, 
and SIM as more fully described below. 
The circuit connections from the contacts of relays OS 

and OD controlling the two directional driving coils 
CCW and CW' of the reversible motor RDM will now 
be described. 
The relay OS at the output end of the coincidence gate 

CG2 has one contact 590 and the energized condition 
assumed due to coincidence of pulse input contact 590 is 
disconnected as illustrated. However, when there is non 
coincidence between the spike pulse output of the pulse 
formers PF2 and PF3 applied to CG2 as previously de 
scribed, the relay OS will be deemergized and contact 590 
will be closed. 

Similarly, the relay OD has two contacts 591 and 592. 
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When the relay OD is in a deenergized condition, as 
illustrated herein, contact 59E is closed and contact 592 
is open. From the illustrated condition it may be assumed 
that the last homing operation of the rotor of the potenti 
ometer PO5 under control of the reversible motor RDM, 
was clockwise, as will be obvious on the further description 
below, corresponding to a condition of noncoincidence of 
the spike pulse output of the spike pulse former PF2 and 
the square pulse output from the pulse former PF3 causing 
relay OD to remain deemergized. Thus with relay OS 
energized and with relay OD deenergized under the 
conditions assumed and illustrated in FIG. 4d the rotor 
of the potentiometer PO5 will be stopped at the desired 
coincidence position, since the common power Supply 
for both winding CW' and CCW of the motor RDM will 
be interrupted via open contact 590. The junction 593 
between the two coils CW' and CCW is connected to the 
A.C. power supply while the upper end of the coil CW', 
is connected to the contact 59 of relay OD via wire 594. 
With contact 59 of relay OD closed, and contact 590 
of relay OS closed, a circuit will be complete from the 
A.C. power supply through point 593, the coil CW', wire 
594, contact 592 of relay OD, wire 595, contact 590 of 
relay OS to ground. To drive the motor RDM in the 
reverse direction a circuit would be complete through 
closed contact 592 of relay OD through a circuit that may 
be traced from the A.C. power through terminal 593, 
coil CCW, wire 598, contact 592 of relay OD, wire 595, 
contact 598 of relay OS to ground. Irrespective of the 
condition of the relay OD if the relay OS should be 
energized its contact 590 would be opened and thereby 
open the circuit to draw the motor in either direction 
thereby stopping the motor RDM, which in turn stops 
the rotation of the potentiometer PO5 leaving the potenti 
ometer in a rest condition. 

However, if it were now to be assumed that a change in 
selection of offset had just been made by the master 
controller through the relays OT, OT', or IN, or a com 
bination of all three relays deenergized, the outputs from 
the rotor of the potentiometer PO5 and from the selected 
potentiometer to the left of potentiometer PO5 and 
associated with the reference lines FR, would no longer be 
in coincidence, and this would cause the coincidence gate 
CG2 to release its relay OS and close the contact 590. 
Thus ground would be supplied via the closed contact 
590 through line 595 through one of the contacts of relay 
OD, 591 or 592. 

If it is now assumed that newly selected offset position, 
provided by one of the potentiometers PO1, PO2 or PO3, 
for example is displaced clockwise of the existing rotor 
position of the potentiometer PO5, or in other words is 
nearer to the latter in a clockwise driving direction for 
PO5 than in a counterclockwise driving direction, the 
new homing position will be less than one-half cycle of the 
sine wave away in a clockwise direction from the old 
homing position and the spike pulse output of PF2 de 
rived from potentiometer PO5 at the beginning of the 
positive half of the sine wave of such output will fall in 
the negative half of the square wave output of PF3 de 
rived via lines 50-51 from the selected potentiometer 
both of such outputs being related to the reference frequ 
ency. Thus the positive square wave output of pulse 
former PF3 and the positive spike pulse output of pulse 
former PF2 would not be in coincidence at the input of 
coincidence gate CG3 and the relay OD would thus be in 
a deenergized condition. Therefore, contact 591 would be 
closed to complete the circuit to the clockwise winding 
CW' to drive the motor RDM and consequently the rotor 
of potentiometer PO5 in a clockwise direction toward co 
incidence with the newly selected offset. 
The assumed condition of relay OS deemergized with 

contact 590 closed and relay OD deenergized with contact 
59 closed would continue to operate the motor via wind 
ing CW' in the same direction until coincidence were to 
be achieved, at which point the rotor would be stopped 
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by the coincidence of the output spike pulses from the 
pulse former PF3 and PF2, thus energizing the relay OS 
as previously described and opening its contact 599. 

If it were now to be assumed, however, that the newly 
selected offset relation was such that the shortest direc 
tion of the rotation of the rotor of potentiometer PO5 
to its new corresponding position would be counterclock 
wise, then the noncoincidence of the spike pulse output 
from PF2 and PF3 would deemergize relay OS again at 
the output of coincidence gate CG2 to close its contact 
599, but coincidence of the positive spike pulse output of 
PF2 and the positive Square pulse output of pulse former 
PF3 at the input of coincidence gate CG3 would cause 
relay OD to be energized, thereby opening its contact 
59; and closing its contact 592. Thus under the assumed 
condition a circuit would be complete to energize the coil 
CCW to drive the motor RDM and consequently the rotor 
of potentiometer PO5 in a counterclockwise direction 
toward coincidence with a newly selected offset. 
Thus it will be observed that the rotor of the potenti 

ometer PO5 will never rotate more than 180 degrees to 
its newly selected offset position from its previously select 
ed position, but will rotate in a shortest direction, either 
clockwise or counter clockwise as required. Since the 
output from the rotor of the potentiometer PO5, in de 
sired phase relation to the wave energy from the master 
controller on the reference line FR, is compared in co 
incidence gate CG with the output from the respective 
rotor of the percentage determining potentiometers in 
desired phase relation to the wave energy from the master 
controller on the control lines FC, the local offset of the 
reference pulse of the time cycle is determined for the 
succession of coincidence with the percentage control 
pulses from the several percentage determining potentio 
ometers in the time cycle. 

It will be observed that in a stable condition with the 
rotor of potentiometer PO5, having reached its position 
corresponding to the newly selected offset, this offset rela 
tion will remain the same until a change by a new selec 
tion from the master controller, or of course by any lo 
cal manual adjustment of the rotor of whichever of the 
potentiometers POE, PO2 or PO3 happen to be control 
ling the position of potentiometer PO5 at the moment. 
However, from the time of such change of desired offset, 
either by selection from the master controller over the 
offset control lines and relays OT-OT, IN or by local 
adjustment of a particular potentiometer of this group, 
which may happen to be selected, the rotor of the poten 
tiometer PO5 turns relatively slowly from its old offset 
position to its new offset position. This slow rotation 
may be provided by the reduction gearing, not shown, as 
sociated with the rotor element of the motor RDM. 

In this connection it will be understood that the rotor 
of the potentiometer PO5 is rotatable through a maximum 
angle of 180 degrees by action of the coincidence gate 
control circuits making phase comparison of its output 
with the output of the desired offset selecting potention 
eter, but the rotor itself is physically capable of continuous 
rotation and the maximum automatic rotation of 180 
degrees may take place in any phase relation to the en 
tire 360 degrees stator. 
The rate of rotation of the rotor of potentiometer PO5 

by the motor RDM is preferably of the order of one 
revolution in 6 to 12 minutes, where a maximum total 
signal time cycle of the order of 2 minutes is employed, 
for example, in which case the maximum half cycle change 
of offset would be completed in 1% to 3 signal cycles, 
and the greatest effect in cycle timing during such maxi 
mum change would be about 33% increase or decrease for 
the 2/6 r.p.m. rate of 16!/2 % for the A2 r.p.m. rate. Ob 
viously a faster rate of rotation for potentiometer PO5 
may be employed where a lower maximum time cycle is 
employed. 
This feature of enabling the offset of the local controller 

to be shifted in this smooth progressive manner in the 
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shortest direction but at a desirably slow rate between on 
offset relation and another, has the effect of merely slow 
ing down the local time cycle or speeding it up slightl 
and distributing this gain or loss in time over the variou 
percentage points and periods terminated thereby in th 
time cycle in a substantially even manner, and is of grea 
significance in traffic control systems, in avoiding an 
abrupt change from one offset relation to another. Th 
distribution of the gain or loss in time over the signa 
cycle is quite important in avoiding excessively long stop 
ping periods for traffic and consequent traffic congestion in 
connection with changes of offset, especially if there is : 
major change in offset, and the ability to move in th 
shortest direction either clockwise or counter clockwis 
as required to the new offset position is also of great bene 
fit in avoiding long traffic stoppages, as will be evident in 
considering a change of offset to be made from one offse 
point which is just about to be reached in the time cyci 
to another offset point which has just been passed in th 
time cycle, since in the latter case if it were necessar 
always to turn in the same direction the signal operation 
might be held up for a complete cycle before the new 
offset relation can be effective to produce a signal change 
The operation of the controller through its cycle will 

be described more fully in relation to the circuits in FIGS 
4a through 4e, such cycle being provided by the stepping o. 
the wiper arms of a stepping switch from position 
through its 13 step positions and returning to position 
to transfer right of way from Street A to Street B anc 
thence to Street C and retransfer right of way to Street A 
As previously stated, it will be assumed that the loca 

controller is in simultaneous operation and is at rest with 
a green signal illuminated for both vehicle and pedestriar 
traffic on street A and a red signal for both vehicle and 
pedestrian traffic on Street B and Street C. It is furthel 
assumed that split 1 will be in effect to control certain 
positions of the rotary stepping switch. 

Simultaneous operation of the local controller is ob. 
tained when switch SS3 in FIG. 4b is in position 1, as 
shown, and the line SM1 from the master controller is 
energized while lines OC1 and OC2 are deemergized. 
Relay SIM would be energized from the iutput line SM1 
through switch SS3, line 3 to the coil of the relay SIM to 
line 32 to ground. 

Contact 33 of relay SIM would be closed to place a 
ground connection on the adjustable lead SIM'' via line 
34 while contact 35 of relay SIM would be closed to 
complete a circuit to illuminate the indicator lamp L10 
from the alternating current power supply represented by 
a plus in a circle through line 39, indicator lamp L0, 
line 40 to contact 35, to line 41 to contact 42 of relay 
PR to ground. 

Contact 43 of relay SIM completes a circuit from one 
of the input lines FR, through the potentiometer PO4, 
line 44, to contact 43 through line 45, contact 49 of relay 
PR, line 50 to the transformer T3 (FIG. 4d) through the 
coil of the transformer T3 through line 51, line 52 to con 
tact 53 of relay SIM, line 54 to the potentiometer PO4 
to apply a selected adjusted phase input signal on trans 
former T3 with respect to the three phase line Fr. 
The output of the potentiometer PO5 is applied to the 

input of transformer T2 via a circuit from the potentiom 
eter PO5, line 55, contact 59 of relay PR, line 60 to 
transformer T2 through the coil of transformer T2, 
through line 61 to contact 62 of relay PR, line 63 to 
potentiometer PO5. Closure of this circuit supplies a 
single phase voltage to transformer T2, the phase angle 
of which is adjustable with respect to the three phase 
lines FR by means of reversible motor RDM through suit 
able gearing. 

If a change of offset to simultaneous has just now been 
called for by the master controller by operation of relay 
SIM the potentiometer PO5 will be in transition to the 
simultaneous offset condition for the local controllers, and 
will be driven by the motor RDM gradually from its prior 
position of prior offset toward the new position matching 



8,056,946 
33 

in phase the simultaneous offset in the nearest direction, 
thus speeding up or slowing down the actual local time 
cycle respectively for decreased or increased offset angle 
in the nearest percentage change direction. However, 
for purposes of the present it will be assumed that the 
potentiometer PO5 has aiready reached its rest condition 
matching potentiometer PO4 for simultaneous offset, with 
the time cycle of the controller matching the length of 
the master time cycle, i.e. the time spacing between phase 
coincidence between the wave energies on lines FR 
and FC. 
When the local controller is at rest the wiper arms of 

the several banks of the rotary stepping switch would 
be in position 1. 
Wiper arm A1 of bank A in FIG. 4a connects the re 

sistor network PA via line 64 to line 65 to the contact 69 
of relay FRR to line 70 to transformer T1 through the 
input of transformer T1, line 71, to point 72 through line 
73 to wiper arm B1 of bank b, position 1, through line 74 
to the reference frequency line FC from the master con 
troller. 
With relay FRR deenergized, contact 75 of relay FRR 

is closed and its circuit is completed from resistor 121 in 
the pulse former PF in FIG. 4d through line 79, contact 
75 through line 80, point 129 through line 138 potention 
eter arm 124 to establish an operating bias for the grid 
167 of tube 165 in the coincidence gate CG1 so that the 
tube 165 will be in condition to receive pulses from the 
pulse former PF1. 
The wiper arm C1 of bank C in position 1 applies a 

ground connection to the timing capacitor TC to keep the 
timing capacitor TC discharged while the local controller 
is in its position 1 through a circuit from ground to posi 
tion 1 of bank C through wiper arm C1 line 8, contact 
82, of deemergized relay BY, line 83, contact 84, of deen 
ergized relay AY, line 85 to point 89 to capacitor TC. 
Wiper arm D1 in position 1 of bank D completes a cir 

cuit to energize the relay LO in FIG. 4a from the power 
supply represented by a plus in a circle through the coil of 
relayLO, line 9A, line 90 to position 1 of start D, wiper 
arm D1 to ground. A connection is also completed to 
energize the relay AG from the power supply represented 
by a plus in a circle through line 94 the coil of relay AG, 
line 93, line 92, line 90 to position 1 of bank D, wiper arm 
D1, to ground. The relay AW is also energized through 
a circuit from the power supply represented by a plus in 
a circle through line 100, the coil of relay AW, line 99 to 
line 95, line 92, line 90 to position 1 of bank D, wiper arm 
D1 to ground. A parallel circuit to illuminate indicator 
lamp L4 is similarly completed from the power Supply 
represented by a plus in a circle through line 100, lamp 
L4, line 101, lines 95, 92, 90, to position 1 of bank D, 
wiper arm D1 to ground. 
The wiper arm E1 of bank E supplies a ground connec 

tion in position 1 to energize the relay AGR from the 
power supply to line 100, through the coil of relay AGR, 
through line 102, position 1 of bank E, wiper arm E1, line 
03, to ground. Wiper arm F of bank F similarly Sup 

plies a ground connection to energize relay AGD from 
A.C. power to line 100, the coil of relay AG), lines 109, 
105 to position 1 of bank F, wiper Fi, line 104, line 103 
to ground. 

With the relay AGD thus energized its contact 112 is 
closed, thereby completintg a circuit to energize the relay 
RR from the A.C. power through line 100, the coil of 
relay RR, lines 110, 111, to contact 112, line 13, line 105, 
to position 1 of bank F, wiper F1, lines 64 and 03 to 
ground. 
With the relay LO in FIG. 4a thus energized certain of 

its contacts close to allow a change in split at this time. 
However, it is assumed for the present that no change in 
split will occur and that split 1 remains in effect with re 
lays SB3, SB2, and SC3 and SC2 deemergized. 
The local controller is maintained in a rest condition 
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by maintaining an open circuit for cathode 213 of the 
coincidence gate CG1 in FIG. 4d. 

This circuit, between cathode 213 and point 119 on 
potential divider PDX in FIG. 4e, may be traced from 
the cathode 213 through lines 234, 235, contact 239 of re 
lay CM if contact 239 is closed, through lines 240, 241, 
242, point 119 on potential divider PDX, resistor R4 to 
ground, or from cathode 213, through lines 234, 245, 
251, contact 252 of relay AW, if contact 252 is closed 
through lines 253, 254, 242, point 119, resistor R4 to 
ground or from cathode 213 through lines 234, 245, 260, 
contact. 259 of relay BM if contact 259 is closed, through 
lines 255, 254, 242, point 119, resistor R4 to ground. 
As illustrated, contact 239 of relay CM, contact 252 of 

relay AW and contact 259 of relay BM are open and 
therefore the circuit of cathode 213, as described is open 
so that the tube 205 of FIG. 4d cannot pass current to 
energize its associated relay MAX. Upon closure of either 
of the contacts 239, 252 or 259, or any or all of them the 
circuit for the cathode 213 will be complete and the tube 
205 will be in condition to pass current as will be later 
described. With such condition maintained via energized relays 
CM, BM and AW the local controller remains at rest with 
green signal ags illuminated for vehicle traffic on Street A. 
green or walk signal gas, illuminated for pedestrian traffic 
on Street A to cross Street B and/or Street C, a red sig 
nal, bris illuminated for vehicle traffic on Street B, a red 
or wait signal, rbs illuminated for pedestrian traffic on 
Street B to cross Street A, a red signal cris illuminated for 
vehicle trafic on Street C and a redor Wait signal rcs for 
pedestrian traffic on Street C to cross Street A. 

Signal ags is illuminated from the A.C. input repre 
sented by a plus in a circle, through Switch SS7, lines 262, 
263, contact 264 of relay AGD, contact 265 of relay AGR 
line 269, signal ags to ground. 

Signal gas, the walk signal for pedestrian traffic to 
cross Streets C and/or B is illuminated from the A.C. 
power through lines 262, 270, contact 271 of relay AW, 
iline 272 to signal gas to ground. The Signal br?is illumi 
nated from the A.C. power via lines 262, 273, contact 
274 of relay BCD, line 275, signal brs to ground. The 
signal ribs is illuminated from the A.C. power via lines 
262, 279, contact 280 of relay BW, line 281, signal rbs, 
to ground. Signal crs is illuminated from the A.C. power 
via lines 262, 282, contact 283 of relay CGD, line 284, 
signal crs to ground. 

Signal resis illuminated from the A.C. power via line 
262, contact 285 of relay CW, line 289, signal rcs to 
ground. 
The signal ora, the red overlap signal illuminated dur 

ing energization of relay RR is illuminated via a circuit 
that may be traced from the A.C. input through switch 
SS7, lines 262, 262, contact 414 of relay RR, line 415, 
signal ora toground. 
The signal ogb, the green overlap signal illuminated 

during deenergization of both relays BGD and BGR, is 
illuminated via a circuit that may be traced from the 
A.C. input through switch SS7, lines 262, 273, 273, con 
tact 395 of relay BGD, contact 391 of relay BGR, line 
393, signal ogb to ground. 
The signal ogc, the green overlap signal illuminated 

during deemergization of relays CGD and CGR, is illumi 
nated via a circuit that may be traced from the A.C. 
input through switch SS7, lines 262, 282, 282, contact 
423 of relay CGD, contact 424 of relay CGR, line 425, 
signal ogc to ground. 

It will be noticed that each circle, representing a 
signal light, has a letter R, Y or G inside the circle. 
This letter R, Y or G indicates that the signal is R for 
red, Y for yellow or G for green, the conventional colors 
for traffic signal lights. 
The relay BM would now be energized as illustrated, 

from the A.C. power through line 94, the coil of relay 
BM, lines 290, 291, contact 292 of relay BG, lines 293, 



8,056,946 
35 

294, contact 295 of relay BiD, line 299, contact 300 of 
relay BP to ground. The relay CM would now be ener 
gized as illustrated from the A.C. power through line 94, 
the coil of relay CM, lines 301, 302, contact 303 of relay 
CG, lines 304, 305, contact 309 of relay CD, line 310, 
contact 311 of relay CP to ground. 

Relay BWT would now be energized from A.C. power 
to point 312 to the coil of relay BWT, lines 313, 314, 
contact 315 of relay BWT, contact 319 of relay BP, line 
320, contact 321 of relay BW to ground. 

Relay CWT would now be energized from the A.C. 
power through point 322 the coil of relay CWT line 323 
contact 324, of relay CWT, contact 325 of relay CP, 
line 329, contact 330 of relay CW to ground. 
The relay MMR would also be energized from the 

A.C. power, through the coil of relay MMR, line 331, 
contact 332 of relay MM to ground. 
The rest condition of the local controller having been 

fully described, it shall now be assumed that the local 
controller has been at rest in the above described con 
dition for an appreciable time. The pulse former PF1 
and coincidence gate CG1 of FIG. 4d cannot energize 
the relay MAX, even though coincidence may be ob 
tained, because the cathode circuit of tube 205 is open 
as previously described. When the relays BM and/or 
CM become deemergized, as described herein, and com 
plete the cathode circuit through contacts of the respec 
tive relays, the relay MAX will be energized at the next 
coincidence response. 

For the purpose of description, let us now assume that 
four actuations occur while the local controller is in its 
rest condition. The four actuations are assumed to be: 
(1) actuation of the vehicle detector VDB on Street B 
by a vehicle approaching the intersection on Street B; 
(2) actuation of a pedestrian pushbutton PBB by a 
pedestrian who wishes to cross Street A from Street B; 
(3) actuation of the vehicle detector, VDC, via a vehicle 
approaching the intersection on Street C and, (4) actua 
tion of the pedestrian pushbutton PBC by a pedestrian 
who wishes to cross Street A from Street C. 
When contact VDB closes, a circuit would be complete 

to energize relay BD from the power supply, through the 
coil of the relay BD, lines 333, 334, closed contact VDB 
to ground. When relay BD is energized, its contact 295 
opens to break the energizing circuit for relay BM as 
previously described so that the relay BM would become 
deemergized and close its contact 335. Relay BD remains 
energized through a circuit from the power supply, 
through the coil of relay BD, lines 333, 339, contact 335 
of relay BM to ground. Relay BM remains deemergized 
because of open contact 295 of relay BD caused by ener 
gization of relay BD via actuation of vehicle detector 
VDB. Relay BD now remains energized through the 
circuit previously described because relay BM remains 
deenergized. The circuit of cathode 213 of FIG. 4d 
would now be complete to close contact 259 as previ 
ously described. 
Whenever the relay BD is energized a circuit is com 

pleted to illuminate the indicator lamp L5 via a circuit 
that may be traced from the A.C. input through indicator 
lamp L5, line 347, contact 346 of relay BD to ground. 

Actuation of pedestrian pushbutton PBB would cause 
relay BP to become energized via a circuit from the 
power supply through the coil of relay BP, point 338, 
line 340, pedestrian pushbutton PBB to ground. 
When relay BP is energized, contact 319 of relay BP 

opens breaking the energizing circuit for relay BWT, as 
previously described, and contact 342 of relay BP closes 
to lock in relay BP via a circuit from the power supply 
to the coil of relay BP through point 338, line 341, con 
tact 342, line 320, contact 321, of relay BW to ground. 

Relay BP opens its contact 300 which in absence of 
the energizing of relay BD would have opened the ener 
gizing circuit of relay BM and also cause relay BM to 
become deemergized. 
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Whenever relay BP is energized a circuit is completed 

from the A.C. input, through indicator lamp L6, line 306, 
contact 307 of relay BP to ground to illuminate indicator 
lamp L6. 
When contact VDC closes, a circuit would be complete 

to energize relay CD from the power supply through the 
coil of the relay CD, through lines 343, 344, contact 
VDC to ground. When relay CD is energized its contact 
309 is open to break the energizing circuit for relay CM 
as previously described so that the relay CM would be 
come deenergized and close its contact 345. Relay CD 
remains energized after contact VDC opens as it is now 
energized, via a circuit from the power supply through 
the coil of relay CD, lines 343, 349, contact 345 to 
ground. Relay CD remains energized and holds its con 
tact 309 open to keep relay CM deemergized. Whenever 
relay CD is energized indicator lamp L7 is illuminated 
from the A.C. input through indicator lamp L7, contact 
348 of relay CD to ground. 
With relay CM deemergized its contact 239 is closed 

so that if relay BM had not been deenergized as previously 
explained to complete the circuit of cathode 213 of FIG. 
4d, such circuit would now be complete through a parallel 
connection formed by closure of contact 239 of relay 
CM, a circuit having been previously described. 
With actuation of the pedestrian pushbutton PBC 

of phase C the relay CP is energized via a circuit from 
power supply through the coil of relay CP, line 352, push 
button PBC to ground. Energized relay CP opens its 
contact 325 to break the energizing circuit for relay CWT 
as previously described. Relay CP also opens its con 
tact 31; which contact in absence of the opening of con 
tact 309 of energized relay CD would open the energiz 
ing circuit for relay CM as previously described. 
When the relay CP becomes energized it closes its 

contact 357 to complete a lock in circuit that can be 
traced from the current supply thru the coil of relay CP, 
line 356, contact 357 of relay CP, line 329, contact 330 
of relay CW to ground. 
With the relay CP energized a circuit is completed to 

illuminate the indicator lamp L8 from the A.C. input 
through indicator lamp L8, contact 316 to ground. 

It should be noted that, as described above, both relays 
BD and CD are energized via circuits completed through 
the respective contacts of deemergized relays BM and 
CM respectively. It is worthy to note at this time that 
should the pedestrian pushbuttons PBB and PBC of the 
respective phases B and C, have been actuated with an 
absence of actuation on the vehicle detectors VDB and 
VDC during such rest condition of the local controller, 
the energization of relay BP would cause deemergization 
of relay BM which in turn would cause energization of 
relay BD and the energization of relay CP would cause 
deenergization of relay CM which in turn would cause 
energization of relay CD through circuits previously de 
scribed, all of which is more fully described below. 
The circuit of cathode 213 in FIG. 4d would now be 

complete from cathode 213 through lines 234, 235, con 
tact 239 of relay CM, lines 240, 241, 242, point 119, 
resistor R4 to ground, and through a parallel circuit of 
cathode 213 through lines 234, 245, 260, contact 259 of 
relay BM, lines 255, 254, 242, point 19, resistor R4 to ground. 
With completion of the cathode circuits, the tube 205 

may now permit the coincidence gate CG1 to pass cur 
rent to energize relay MAX in FIG. 4d. The relay MAX 
thus energized closes its contact 353, to complete a circuit 
to ground for motor magnet MM from the power sup 
ply, indicated by a plus, in a circle, through the coil of 
the motor magnet MM, lines 359, 360 contact 353 of re 
lay MAX to ground. 
The motor magnet thus energized would notch a step 

by Step ratchet gear (not shown) and upon the motor 
magnet being deemergized, the ratchet wheel would be 
partially rotated to advance the wiper arms of the rotary 
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stepping switch, in unison to the next position 2. How 
ever, upon energization of the motor magnet MM the 
motor magnet attracts its contact 18 which contact 
closes a discharge circuit for capacitor 120, the circuit 
being completed from the upper side of the capacitor 120 
through resistor R6, contact i8 of relay MM to ground. 
Upon energization of the motor magnet MM its contact 
332 is opened breaking the energizing circuit of relay 
MMR, previously described. With the discharge of 
capacitor 120 the control grid of the coincidence gate 
tube 65 of coincidence gate CG1 is biased off beyond 
cutoff so that the tube ió5 no longer passes current. 
With such blocking of plate current through the tube 165 
the coincidence gate CG can no longer produce an out 
put through its tube 205. The relay MAX becomes de 
energized and opens its contact 353, thereby opening the 
energizing circuit of motor magnet MM which motor 
magnet MM in turn upon deenergization opens its con 
tact 28, closes its contact 332 and advances the ratchet 
wheel to partially rotate and advance the wiper arms of 
the rotary stepping Switch, in unison. 
With the wiper arms in position 2 of the rotary step 

ping switch, the wiper arms Ai, and B1 of the banks A and 
B respectively are grounded so that there is no input to 
the pulse former PFI of FIG. 4d. Positions 3, 4, 5, 6, 8, 
9, 10, 12, and 13 are also grounded at these banks A and 
B to insure timing of the intervals via the pretimed ad 
justable resistors. 
The wiper arm C2 of the bank C, in position 2 connects 

the timing adjustable resistor TPS, connected at PD-- to 
a tap on the potential divider PDX so that a circuit is now 
complete from D.C. input, represented by a plus in a 
square, via the potential divider PDX at a point PD-- 
through minimum resistor RE2, potentiometer TPi, tap 
362, line 363 to position 2 of bank C, wiper arm C, line 
8i, contact 82 of relay BY, line 83, contact 84 of relay 
AY, line 85, point 89 to charge timing capacitor TC. 
The wiper arm Dil of bank D in position 2 is not con 

nected for relays LO, AG and AW, the circuits being 
previously described. 

Positions 1, 2 and 3 of bank E are jumpered together 
so that the energizing circuit for the relay AGR, pre 
viously described, would be maintained through posi 
tion 2 of bank E, as well as position 3 of bank E. 

Positions 1, 2, 3 and 4 of the bank F are jumpered 
together so that the energizing circuit for the relay AGD 
is maintained as in position 1 of the bank F, the circuit 
being previously described. Relay RR also remains en 
ergized through the contacts of relay AGD as previously 
described. 

With the relay LO deenergized its contacts 364 and 
365 are open which contacts are in the energizing circuit 
for the relays SB3 and SB2 and SC3 and SC2 respec 
tively, as will be described below. With the contacts 
364 and 365 open, the "split' in which the local controller 
is then operating may not change. The relay LO will 
remain deemergized during all positions of the rotary 
stepping switch except position 1, in which it is energized, 
as described above. Therefore, a change of "split' on 
the local controller may take place only when the step 
ping switch is in position 1, thereby energizing the relay 
LO, all of which will be more fully described below. 
The relay AG becomes deenergized in position 2 but 

has no effect on the local controller at this time. This 
relay AG remains deemergized in position 2 through 13 
as it is only energized in position 1 through bank D. 
With relay AW deemergized the contact 252 closes so 

that the cathode circuit of the cathode 213 would now 
be complete through contact 252 of the circuit previously 
described. The contact 27 of relay AW is opened to 
break the illuminating circuit for the signal gas thereby 
extinguishing such signal while contact 369 of relay AW 
is closed to illuminate signal ras from the A.C. power 
supply through switch SS7, lines 262, 270, contact 369 
line 370, signal ras, to ground. Thus the green signal 
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gas for pedestrian traffic crossing Street B and/or Street 
C is extinguished and the red signal ras to pedestrian 
traffic crossing Streets B and/or C is illuminated. 
The interval now being timed would be pre-set and 

timed through the potentiometer TP1 so that when the 
charge on the capacitor TC approaches the breakdown 
potential of the fiasher tube FA, the tube FA will pass 
current from the capacitor TC to energize the relay INT. 
Energized relay INT would close its contact 37 to sup 
ply a ground connection for the motor magnet MM to 
complete an energizing circuit for the power supply, 
through the motor magnet MM, contact 371 of relay INT 
to ground. 
The motor magnet MM would notch the ratchet (not 

shown) upon energization and would also close its con 
tact 361 to discharge timing capacitor TC from point 
89 through contact 361 to ground, thus reducing the 
charge on the capacitor TC to substantially Zero with 
respect to ground. 
With the charge on the timing capacitor TC so re 

duced, the passage of current through the tube FA stops 
and the relay INT is deenergized. The energizing circuit 
for a motor magnet MM is broken with a release of the 
contact 371 of the relay INT, and the motor magnet be 
comes deemergized and advances the wiper arms of the 
several banks of the rotary stepping switch to the next 
position, position 3. 
The position 3 is a skip position and a circuit is com 

pleted to rapidly charge the timing capacitor TC from 
D.C. supply through resistor RA4, position 3 of bank C, 
wiper arm C1, line 81, contact 82 of relay BY, line 83, 
contact 84 of relay AY, line 85, point 89 to timing ca 
pacitor TC. The timing capacitor TC being rapidly 
charged quickly reaches the breakdown potential of the 
flasher tube FA and the tube FA passes current from the 
capacitor TC to energize the relay INT as previously 
explained. 
The energizing circuit INT closes its contact 371 to 

complete the energizing circuit for the motor magnet 
MM and as previously described the advance of the 
wiper arms of the rotary stepping switch takes place and 
the wiper arms advance from position 3 in unison to 
position 4. 

It should be noted that with each energization of the 
motor magnet MM the contact 118 closes as previously 
described. However, the effect of the closure of contact 
118 of the motor magnet MM upon the capacitor 120 
only effects the local controller timing in certain positions 
of the rotary stepping switch as will be described here 
inafter. Furthermore, each time the motor magnet MM 
is energized the energizing circuit for the relay MMR is 
opened at contact 332 of the motor magnet MM. Upon 
deenergization of the motor magnet MM the energizing 
circuit for the relay MMR is again completed as con 
tact 332 of motor magnet MM closes. Such change of 
status of the relay MMR has no effect in the local con 
troller at this time. 
A second circuit through position 3 of bank D applies 

a ground connection to the motor magnet MM through 
the lines 359, 379, contact 375 of relay MMR, lines 374, 
373, position 3 of bank D, wiper arm D1, to ground. 
With two such circuits, as previously described, to cause 
the energization of the motor magnet MM the rapid ad 
vancement of the rotary stepping switch arms is assured. 

While in position 4 the wiper arm C of bank C is not 
connected to the circuit. However, the wiper arm D1 
of bank D supplies a ground connection to complete the 
energizing circuit for relay AY from the A.C. power line 
94 through the coil of relay AY, line 380, position 4 of 
bank D, wiper arm D1 to ground. 
Wiper arm E1 of bank E, when in position 4, opens 

the energizing circuit for the relay AGR, thereby caus 
ing relay AGR to become deemergized while the wiper 
arm supplies a ground connection for relay BGR, the cir 
cuit being complete from the A.C. power through line 
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i09, the coil of relay BGR, line 382, contact 383 of de 
energized relay BS, line 682 position 4 of bank E, wiper 
arm El to ground. 

With relay AGR now deenergized, its contact 265 
opens and its contact 389 closes, thereby extinguishing 
the signal ags, via open contact 265 and illuminating 
signal ays via a circuit from the A.C. power through 
switch SS7, line 262, line 263, contact 264 of relay AGD, 
contact 389 of relay AGR, line 390, signal ays to ground. 
The signal ays is a caution or clearance signal for vehicle 
traffice on Street A. The energized relay BGR opens its 
contact 39 and closes its contact 392 to extinguish sig 
nals ogb at open contact 395 and illuminate the signal 
oyb the yellow vehicle overlap signal, from the A.C. 
power supply through switch SS7, lines 262, 273, 273', 
contact 395 of relay BGD, contact 392 of relay BGR, 
line 394 signal oyb to ground. 
With relay AY energized, its contact 84 opens and its 

contact 33 closes, the closure of which completes a 
circuit to charge the timing capacitor TC from the PD-- 
through timing potentiometer TP6 and its minimum re 
sistor below, line 385, contact 381 of relay AY, line 85 
through point 89 to capacitor TC. At the termination of 
the time interval the wiper arms are advanced to the 
next position (5) as previously described. 
In position 5 the relay BGD is energized from the A.C. 

power supply to line 500, the coil of relay BGD, line 401, 
contact 402 of relay BS, line 493, position 5 of bank F, 
wiper F1 to ground while relay BW is energized from 
the A.C. power supply through line 03, the coil of relay 
BW, line 408, contact 469 of relay BWT, line 410, posi 
tion 5 of bank D, wiper D1 to ground. 

Relay AGD is deenergized as wiper Fi moves to posi 
tion 5 of bank F to open the energizing circuit for the 
relay AGD as previously described. Relay RR also be 
comes deemergized via the advance of the Wiper arm F. 
to position 5, bank F. 

Relay AY becomes deenergized as wiper arm D 
moves to position 5 of bank D to open the energizing 
circuit for the relay AY as previously described. 
Relay BWT becomes deemergized as relay BW becomes 

energized and opens its contact 32. 
When relay AGD becomes deenergized its contact 264 

opens to break the illuminating circuit for signal ays 
while its contact 42 closes to complete a circuit to ill 
luminate signal ars, the red signal for vehicle traffic on 
Street A from the A.C. power supply through switch 
SS7, line 262, line 263, contacts 452 of relay AGD, line 
413, signal ar's to ground. When relay RR became de 
energized the circuit was complete to illuminate the sig 
nal oga, the overlap vehicle green signal, while contact 
454 opened to extinguish signal ora. The illuminating 
circuit for signal oga is completed from the A.C. power 
supply through line 252, contact 418 of relay RR, line 
419, contact 420 of relay AGR, line 416, signal oga to 
ground. The signal ora is extinguished via an open 
circuit at contact 44 of relay iRR. 
The signals bi's and rbs are extinguished by the open 

ing of the contacts 274 of relay BGD and contact 280 
of relay BW respectively, while signals bgs, the go signal 
for vehicle traffic and signal gbs, the walk signal for 
pedestrian traffic, are illuminated via circuits that may 
be traced from the A.C. power supply to Switch SS7, 
lines 262, 273, 273", contact 428 of relay BGD, contact 
429 of relay BGR, line 430, signal bgs to ground to ill 
luminate signal bgs and from the A.C. power Supply to 
switch SS7, lines 262, 279, contact 433 of relay BW, 
line 434, signal gbs to ground. Signal orb illuminated 
while relay BGED is energized, is illuminated via a circuit 
from the A.C. input, thru switch SS7, lines 262, 273, 
contact 267 of relay BGD, line 268, signal orb to ground. 
The indicator lamp L7 is also illuminated via a circuit 
that can be traced from the A.C. input thru Switch SS7, 
lines 262, 273, 273", contact 428 of relay BGD, contact 
429 of relay BGR, indicator lamp LS7 to ground. 
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40 
The timing capacitor TC is charged from the D.C. 

power supply through the potential divider PDX, some 
point on the potential divider PEX here called PD 
through point PD+ through timing adjustable potenti 
ometer TB1, and its minimum resistor below, line 435, 
contact 439 of relay SB2, contact 440 of relay SB3, line 
44, position 5 of bank C, wiper arm C, line 81, contact 
82 of relay BY, line 83, contact 84 of relay AY, line 85, 
the timing capacitor TC to time the green walk interval. 
When the timing capacitor TC becomes sufficiently 

charged the flasher tube FA will pass current and effect 
the advance of the wiper arms to the next position (po 
sition 6), as previously described. 
With the wiper arms of the rotary stepping switch in 

position 6 no additional relays are energized at this time, 
however relay BW is deemergized as wiper arm D ad 
vances from position 5 to position 6 of bank E. 
The phase B pedestrian clearance interval is now timed 

by charging the timing capacitor TC through the point 
PD-- on the timing adjustable resistor TP9, line 442, 
contact 443 of relay BWT, line 444, position 6 of bank 
C, wiper arms C, line 81, contact 82 of relay BY, line 
83, contact 84 of relay AY, line 85 to the timing ca 
pacitor TC. 
With relay BW now deemergized, the signal gbs becomes 

extinguished by the opening of contact 433 while signal 
rbs is illuminated as previously described. When the 
timing capacitor TC becomes sufficiently charged, as 
previously explained, the wiper arms of the rotary step 
ping switch are advanced in unison to position 7. 

In position 7 the relays BM and BG are energized 
through position 7 of bank D, the relay BM being ener 
gized from the A.C. power through line 94, the coil of 
relay BM lines 290, 445, contact 449 of relay MAX, 
lines 450, 293, contact 451 of relay BG, line 452, con 
tact 453 of relay MMR lines 454 and 455 to position 7 
of bank D through wiper arm Di to ground while relay 
BG is energized via a circuit from the A.C. power through 
line 94 the coil of relay BG, lines 456, 455, position 7 
of bank D, wiper arm Di to ground. 
The relay BD is deemergized when relay BM becomes 

energized because the contact 335 of relay BM, which 
contact is in the energizing circuit of relay BD, is now 
open. 
The interval timed in position 7 is the phase B vehicle 

However, since the phase B vehicle interval 

will time the maximum time that the local controller is 
permitted to remain in its position 7 before advancing 
to position 8. This background time interval is usually 
referred to as the maximum time interval. 
The extendible vehicle interval is timed by the charging 

of capacitor TC from the terminal PD-- in the timing 
adjustable potentiometer TP2, with a minimum resistor 
below, through lines 459, point 461, line 460, position 7 
of bank C, wiper arm Ci, line 82, contact 82 of relay 
BY, line 83, contact 84 of relay AY, line 85 to timing 
capacitor TC. 

If while the vehicle interval is thus being timed, a 
vehicle should cross the vehicle detector VDB the relay 
BD would be energized as previously described. The 
relay BD would close its contact 463. Closure of con 
tact 463 would connect point 461 to ground via line 462, 
resistor R6 and contact 463. Since point 461 is on the 
charging side of capacitor TC in the charging circuit as 
previously traced, it is understood that such completion 
of the ground connection to point 461 is sufficient to dis 
charge the timing capacitor TC through the resistor, to 
substantially zero with respect to ground, thereby effec 
tively extending the time of the vehicle interval. 

While the resettable vehicle interval timer is connected 
as previously described, a maximum limit control cir 
cuit is also connected in position 7 through banks A and 
B, which determines the extension limit of Street B green 
on the basis of a percentage of the cycle controlled by 
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the “split” in effect at the time. Herein it has been 
assumed that "split” 1 is in effect so that the potentiome 
ter PB, of “split' 1 would control the percentage based 
limit. The input of potentiometer PB1 is connected to 
the three phase cycle lines FC from the master and the 
output of potentiometer PB of a single phase voltage 
is connected to the input of pulse former PF1 via line 
464, contact 465 of relay SB2, contact 469 of relay SB3, 
line 479, wiper arm AA, in position 7 of bank A, line 65, 
contact 69 of relay FRR, line 70, the coil of transformer 
T1, line 7, point 72, line 73, wiper arm B, in position 
7 of bank B, line 471, contact 472, of relay SB3, contact 
473 of relay SB2, line 474 to potentiometer PB1. 

Actuations of the vehicle detector VDB during the 
extendible vehicle interval would cause additional dis 
charging of the timing capacitor TC so that the time in 
the Street B green position may be extended. In the 
absence of the actuations on the detector VDB, or if the 
actuations sufficiently fall apart, the timing of capacitor 
TC will charge sufficiently to reach the breakdown poten 
tial of tube FA so that the charge on the capacitor TC 
will pass through the tube FA and energize the relay 
INT, to effect the advance of the stepping switch to its 
next position. However, if multiple actuations of the 
vehicle detector should keep the capacitor TC from be 
coming charged to the breakdown potential of the tube 
FA, then the maximum limit control will terminate the 
interval at the predetermined percentage point of the 
cycle set by the potentiometer PB1. The output of the 
potentiometer PBi would be applied to the pulse former 
PF, while the output of potentiometer POS would be 
applied to the pulse former PF2, and compared in the 
coincidence gate circuit CG1. At the predetermined per 
centage point of the cycle determined by the coincidence 
gate CG1, tube 205 would pass current to energize relay 
MAX. Relay MAX would close its contact 353 to com 
plete a ground connection for the motor magnet MM as 
previously described. The relay MAX would also open 
its contact 449, to break the energizing circuit for relay 
BM as previously described. With a relay BM thus de 
energized its contact 335 will close to complete a ground 
connection to energize relay BD as previously described. 
The energization of this relay BD has the effect leaving 
a call for vehicle right of way return to Street B in the 
next cycle. 
The return circuit for cathode 253 of tube 205 in CGi 

was completed in position 2 over contact 252 of relay 
AW, the circuit being previously described. This cath 
ode return circuit remains completed until the rest posi 
tion 1 is reached at which time the relay AW is operated 
to open its contact 252 at which point the cathode return 
circuit depends on closure of parallel circuits via contact 
259 of relay BM or contact 239 of relay CM. It was 
assumed above that the Street B green interval was ter 
minated by the relay MAX being energized via the per 
centage maximum limit, thus having energized the relay 
BD as previously described. If, however, the interval 
timed in position 7 of the stepping Switch had been ter 
minated by the action of the relay INT as previously 
described, prior to the maximum limit the contact 449 
of relay MAX would not be opened since the relay MAX 
would not have been energized. Thus the energizing cir 
cuit for the relay BM would remain complete thereby 
keeping the contact 335 of relay BM open and in turn 
keeping the energizing circuit for the relay BD opened. 

It will be assumed that no further actuations are re 
ceived and that the local controller was advanced via the 
energization of relay INT, to the next position (posi 
tion 8). 
When the local controller advances into position 8, 

relays BG and BGR both become deenergized. The 
energizing circuit for relay BG is opened when the wiper 
arm D1 of bank D advances from position 7 to position 
8 of bank D and the energizing circuit for relay BGR is 
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opened when the wiper arm E1 of bank E advances from 
position 7 to position 8 of bank E. 

Relay BY is energized through a circuit from the A.C. 
power supply through line 94, the coil of relay BY, point 
475, line 479, position 8 of bank D, wiper arm D1 to 
ground. Relay CGR is energized via circuit from the 
A.C. power supply through line 100, the coil of relay 
CGR, line 480, contact 481 of relay CS, line 482, position 
8 of bank E, wiper arm E1, line 103, to ground. Through 
the deemergization of relay BGR the green signal bgs is 
extinguished as contact 429 of relay BGR opens and 
signal bys, the yellow clearance signal for phase B vehicle 
traffic is illuminated via a circuit from the A.C. power 
supply through switch SS7, lines 262, 273, 273, contact 
428 of relay BGD, contact 483 of relay BGR, line 484, 
signal bys to ground. 
When the relays CGD and CGR are both deenergized, 

a circuit is complete to illuminate the overlap signal ogc, 
from the A.C. input through switch SS7, lines 262, 282, 
282, contact 423 of relay CGD, contact 424 of relay 
CGR, line 425, signal ogc to ground. 
With relay CGD deenergized and the relay CGR ener 

gized, the signal ogc is extinguished by open contact 424 
of relay CGR and the signal oyc is illuminated via a cir 
cuit that can be traced from the A.C. input through 
switch SS7, lines 262, 282, 282, contact 423, contact 376 
of relay CGR, line 377, signal oyc to ground. 
The clearance interval of the local controller is timed 

by charging the timing capacitor TC from the D.C. cur 
rent supply through the potentiometer TP7 point PD--, 
through the timing adjustable resistor TP7 with its mini 
mum resistor below line 485, contact 489 of relay BY, 
line 83, contact 84 of relay AY, line 85, to the timing 
capacitor TC. At the termination of the interval as timed 
by the charging of timing capacitor TC the wiper arms 
are advanced in unison to the next position (position 9) 
as previously described. 

In position 9 relays BGD, CP and BY are deemergized 
and relays CGD and CW are energized. 
The relay CGD is energized via a circuit from A.C. 

power supply through line 100, the coil of relay CGD, 
line 496, contact 491 of relay CS, line 492, position 9 
of bank F, wiper arm F1, lines i04, 103, to ground. 

Relay CW is energized via a circuit from the A.C. 
power supply through line 100, the coil of relay CW, line 
493, contact 494 of relay CWT, line 495, to position 9 
of bank D, wiper arm D, to ground. 
The relay CP is deemergized when the energized relay 

CW opens its contact 330 and breaks the energizing cir 
cuit of the relay CP. The relay BY is deemergized when 
the Wiper arm Di advances from position 8 to position 9, 
thereby opening the energizing circuit of the relay BY. 
The relay BGD is deenergized when the wiper arm F1 
advances from position 8 to position 9 of bank F and 
opens the energizing circuit for the relay BGD. 
The interval in position 9 of the rotary stepping switch 

is timed by charging the timing capacitor TC through a 
point PD-- on the potential divider PDX through the 
adjustable timing resistor TC1 with its minimum resistor 
below through line 508, contact 50 of relay SC2, contact 
502 of relay SC3, line 503, position 9 of bank C, wiper 
arm C, line 81, contact 82, line 83, contact 84, line 85, 
to timing capacitor TC. 

With the relay BGD deenergized, the signal bys is ex 
tinguished by opening the illuminating circuit at contact 
428 of relay BGD. The signal brs is illuminated by the 
closure of contact 274 of relay BGD, the circuit having 
been previously described. With both relays BGD and 
BGR now deemergized the overlap signal ogb is illumi 
nated via a circuit from the A.C. input through switch 
SS7, lines 262, 273, 273', contact 395 of relay BGD, con 
tact 391 of relay BGR, line 393, signal ogb to ground. 
The signal orb is extinguished via the opening of contact 
267 of relay BGD. With both relay CGD and CGR now 
energized the overlap signal oyc is extinguished at open 
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contact 423 of relay CGD and overlap red signal orc is 
illuminated via a circuit from the A.C. input through 
switch SS7, lines 262, 282, contact 404 of relay CGD, 
line 405, signal orc, to ground. 
The signal cgs, the green signal for phase C vehicle 

traffic, and the signal gos, the green or walk signal for 
phase C pedestrian traffic, are illuminated, the illuminating 
circuit for signal cgs is completed from the A.C. power 
supply through switch SS7, lines 262, 282, 282', contact 
504 of relay CGD, contact 585 of relay CGR, line 509, 
signal cgs to ground. The signal gcs is illuminated via 
a circuit from the A.C. power supply through Switch SS7, 
line 262, contact 519 of relay CW, line 511, signal gCs 
to ground. 
When the timing capacitor TC is charged through cir 

cuits previously described, so that the charge on the tin 
ing capacitor TC reaches the breakdown potential of the 
tube FA, the tube FA would pass current, as previously 
described, and the wiper arms of the several banks of the 
rotary stepping switch will be advanced to the next posi 
tion (position 10) as previously described. 

In position 10 the relay BWT is energized and the relay 
CW is deemergized. The relay BWT is energized via a 
circuit from the A.C. power through point 312, the coil of 
relay BWT, line 33, line 512, to position 10 of bank D, 
wiper arm D1 to ground. The relay CW is deemergized 
as the wiper arm Di of bank D is advanced from position 
9 to position 10, thereby opening the energizing circuit for 
the relay CW. 
The interval timed in position 10 is timed by charging 

timing capacitor TC from the PD-- to timing potentiom 
eter TP13, with its resistor below, through the line 508, 
contact 513, of relay CWT, line 514 to position 10 of bank 
C, wiper arm C:, line 81, contact 82, line 83, contact 84, 
line 85 to timing capacitor TC. With relay CW de 
energized, the signal gCs is extinguished by opening of its 
illuminating circuit at contact 50 and signal rcs is illumi 
nated by closure of its contact 285, both contacts on the 
relay CW. At the termination of the interval timed 
through the circuit previously described, the wiper arms 
will advance to the next position (position 11) as previous 
ly described. 

In position 11 the relay CG and CM are both energized. 
Relay CD is deemergized via open contact 345 of relay 
CM. 
The relay CG is energized via a circuit from the A.C. 

power supply through line 94, the coil of relay CG, line 
515, line 519, position 11 of bank D, wiper arm D1, to 
ground. The relay CM is energized via a circuit com 
pleted from the A.C. power supply via line 94 to the 
coil of relay CM through line 301, 528, contact 52 of 
relay MAX, line 522, line 304, contact 569 of relay 
CG, line 570, contact 571 of relay MMR, line 572, line 
519 to position 11 of bank D, wiper arm idi to ground. 
Position 11 is the extendible vehicle interval of phase 
C, extendible during such period by actuations of the 
phase C vehicle detector VDC. As in position 7, the 
phase B extendible vehicle interval, there are timed in 
position 11 two means of timing control through sepa 
rate circuits. The vehicle interval timer, which is extendi 
ble, is timed through the terminal PD -- through adjust 
able timing resistor TP3, line 523, point 524, position 
11 of bank C, wiper arm C1, line 81, contact 82, of line 
83, contact 84, line 85 to capacitor TC. While the re 
settable vehicle interval timer for phase C is connected 
as previously described, the maximum limit control cir 
cuit for this phase C interval is connected in position 11 
through banks A and B, which determine the extension 
limit of the Street C green on the basis of a percentage 
of the cycle controlled by the "split' in effect at the time. 
As previously stated, it has been assumed that “split’ 
1 is in effect so that in the phase C the potentiometer 
PC1, of split 1, phase C will control the percentage basis. 
The input of the potentiometer PCS is connected to the 
three phase cycle line FC from the master and the output 
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of the potentiometer PC1, of a single phase voltage is 
connected through line 526, contact 527 of relay SC2, 
contact 525 of relay SC3, line 529, to position 11 of bank 
A, wiper arm Al, line 65, contact 69 of relay FRR, line 
70, to the primary coil of transformer Ti, line 71, to 
point 72, line 73 to wiper arm Bi, position 11 of bank 
B, line 530, contact 533 of relay SC3, contact 532, of 
relay SC2, line 533 to potentiometer PCA. 
With the passage of a vehicle across the vehicle de 

tector VDC of phase C the relay CD would become en 
ergized through a circuit as previously described thereby 
closing its contact 534, closure of contact 534 of relay 
CD places a ground connection on point 524 previously 
mentioned in the charging circuit for the timing capacitor 
TC via line 535 and resistor RE 3, thereby discharging 
the capacitor to substantially Zero with respect to ground. 
When the contacts VDC would reopen the relay C) 
would again become deemergized to open its contact 534 
and break the discharge circuit of the timing capacitor 
TC so that the timing capacitor TC would begin to re 
charge to retime this "vehicle interval.' 

Subsequent actuations of the vehicle detector VDC 
would cause additional discharging of the timing capaci 
tor TC so that the time in the phase C green position 
11 may be extended. In absence of actuations on the 
vehicle detector, or if actuations are sufficiently far apart 
the timing capacitor TC will charge sufficiently to reach 
the breakdown potential of the tube FA so that the charge 
on the capacitor TC will pass through the tube FA and 
energize the relay INT, to effect advance of the stepping 
Switch to its next position, position 12. 

However, if multiple actuations of the vehicle detec 
tor VDC during the intervial timed in position 11 should 
keep capacitor TC from becoming charged to the break 
down potential of the tube FA, then the maximum limit 
control will terminate the interval at the predetermined 
percentage point of the cycle, set by the potentiometer 
PC. The output of the potentiometer PC would be 
applied to the pulse former PFA while the output of the 
potentiometer PO5 would be applied to the pulse former 
PF2 and when in coincidence the coincidence gate cir 
cuit CGA at the predetermined percentage point of the 
cycle determined by such coincidence gate CG would 
pass current to energize the relay MAX. Relay MAX 
would close its contact 353, to complete a ground con 
nection for motor magnet MM as previously described. 
The relay MAX would also open its contact 521, in the 
energizing circuit for the relay CM as previously de 
scribed and the relay CM would become denergized and 
close its contact 345 thereby energizing the relay CD 
through a circuit as previously described including con 
tact 345 of relay CM. This reaction of energizing the 
relay CD will release the relay CM and will leave a 
vehicle call for return of right of way to Street C in the 
next cycle. 

Immediately above it was assumed that the phase C 
green interval was terminated by the MAX relay on 
the percentage maximum limit, thus having relay CM de 
energized and relay CD energized. 

If, however, the interval timed in position 11 of the 
stepping switch had not been terminated by action of the 
relay MAX but had instead been terminated by action of 
the relay INT prior to the maximum limit, the contact 
52 of the relay MAX would not have been opened and 
the relay CM would have remained energized while 
the relay CD would remain deenergized since its en 
ergizing circuit through the contact 345 would remain 
Cpen. 

It will be assumed that no further actuations are re 
ceived and that the local controller was advanced via the 
energization of the relay INT to the next position (posi 
tion 12). 

in position 12 the relay AGR is energized and relay 
CGR is deenergized, each effected by the advance of the 
wiper arm E1 from position 11 to position 12 of bank E. 
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The relay AGR is energized via a circuit from the A.C. 
supply via line 100 through the coil of relay AGR, lines 
102,539 to position 12 of bank E, wiper arm El, line 103 
to ground. Relay CGR is deenergized by advance of the 
wiper arm El of bank E to position 12 of bank E from po 
sition 11. 

With relay CGR deenergized its contact 505 opens to 
extinguish the signal cgs, and contact 540 of relay CGR 
closes to illuminate the signal cys via a circuit from the 
A.C. power through Switch SS7, lines 262, 282, 282, con 
tact 504 of relay CGD, contact 540 of relay CGR, line 54i, 
signal cys to ground. 

This interval, the phase C vehicle clearance interval, is 
timed by charging the timing capacitor TC through the ter 
minal PD--, the timing adjustable resistor TP4, line 542, 
position 12, of bank C, wiper arm C1, line 81, contact 82, 
line 83, contact 84, line 85, to timing capacitor TC, to 
cause the advance of the wiper arms, as previously de 
scribed. 

In position 13 with switch SS8 closed, as illustrated, the 
relays RR, AGD and CWT are energized. Relay RR is 
energized from the A.C. power supply through line 500, 
the coil of relay RR, line 110, line 543, position i3 of bank 
F, wiper arm F1, lines 104, 103, to ground while relay 
AGD is energized from the A.C. power supply through 
line 100, the coil of relay AGD, line 109, line 13, switch 
SS8, contact 544 of relay RR, lines 545, 50,543, position 
13 of bank F, wiper arm F1, line 04, line 103 to ground. 

Relay CWT is energized from the A.C. power supply 
through point 322, the coil of relay CWT, line 549, posi 
tion 13 of bank D, wiper arm D1 to ground. 

Relay CGD is deenergized as wiper arm FF of bank F 
advances from position 12 of bank F to position 13. With 
the relay CG deenergized, its contact 504 is opened to 
open the illuminating circuit for the signal cys, thereby ex 
tinguishing such signal while contact 283 of relay CGD 
closes to complete a circuit previously described, to illu 
minate signal cr's, the phase C red vehicle signal. 

Position 13 may be employed as an all-red position or a 
skip position during which a green vehicle and green or 
walk-pedestrian signals of phase A will be displayed. 
With closure of switch SS8, the all red signals are elimi 
nated and the green phase A vehicle and pedestrian signals 
are illuminated. 
The interval timed in position 13 is timed by charging 

timing capacitor TC through the terminal PD--, timing 
adjustable potentiometer TP5, line 550, position 13 of 
bank C, wiper arm Ci, line 81, contact 82, line 83, con 
tact 84, line 85 to timing capacitor TC. 
When the all-red signals that may be illuminated dur 

ing position 13 are eliminated, the timing adjustable po 
tentiometer TP5 would be turned down so that the timing 
capacitor TC is rapidly charged so that the position 13 in 
effect, becomes a skip step, and the local controller ad 
vances rapidly into position 1, the rest position. 

If, however, it is desired to display all-red signals in 
position 13 the switch SS8 would be opened and the relay 
AGD would not be energized in position 13 because of 
open switch SS8, which switch is in the energizing circuit 
for relay AGD, as previously described. With relay 
AGD thus deenergized, its contact 442 would remain 
closed to keep the signal ars, the red signal for vehicle 
traffic on phase A, illuminated. 
At termination of the interval as timed in position 13, 

the stepping switch would be advanced to the next posi 
tion (position 1) and the local controller would resume 
its rest position as originally assumed. 

If the all-red signals were displayed in position 13, the 
relay AGD will be energized in position 1 as previously 
described, and the red signal ars would be extinguished 
and the green signal ags would be illuminated all as previ 
ously described. 

Since it has been previously assumed that both phase B 
vehicle interval (position 7) and phase C vehicle interval 
(position 11) were both terminated via the minimum 
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vehicle interval timer rather than the maximum time con 
trol associated with the respective positions there is now 
no recali for a phase on the local controller at the present 
time. The local controller will now rest in its position 1, 
the phase A green position and await further demands of 
traffic via actuation of vehicle detector VDB for vehicle 
traffic of phase B, push-button PBB for pedestrian traffic 
on phase B, actuation of vehicle detector VDC for vehicle 
traffic on phase C, or actuation of PBC via pedestrian 
traffic on phase C, any one of which will initiate a cycle 
of the local controller from its rest position (position 1). 
in each case the initiation of the cycle also requires coin 
cidence gate operation at the desired percentage point as 
previously explained. 

In FIG. 4e, represented by the circles labeled ora, oya, 
oga, orb, oyb, Ogb, orc, oyc and ogc, are the overlap signals 
associated with the phases A, B, and C. It has been ex 
plained how and under what conditions the signals are 
illuminated. 

It is obvious that any set or all three sets of the overlap 
signals may be employed at an intersection as the science 
of traffic control demands for the controlled intersection. 
The overlap red signal ora of phase A will be illumi 

nated, for example when the vehicle green and vehicle yell 
low signals, ags and ays respectively are displayed. When 
the vehicle red signal, ars, of phase A is illuminated the 
green overlap, Oga, signal will be displayed, and just prior 
to termination of the signal ars the yellow overlap, oya, 
signal will be displayed. 
The use and display of the overlap signals are dictated 

by the science of traffic control as applied to the intersec 
tion controlled by the local controller. In general it may 
be said that the overlap signals of phase A for example, 
would give right of way to traffic that would be considered 
non-interfering at all times except when the vehicle green 
and vehicle yellow signals are being displayed and at that 
time would be considered interfering traffic. A phase A 
green overlap signal would remain green during the phase 
B vehicle green and yellow signals and the phase C vehicle 
green signal, while the phase A yellow overlap signal 
would be displayed during the phase C vehicle yellow sig 
nal. 

If the phase B were skipped of course the phase A over 
lap green signal would be displayed during the phase C 
vehicle green signal only and the overlap yellow dis 
played during the phase C vehicle yellow. If, however, 
the phase C were skipped then the phase A overlap green 
would be displayed during the phase B vehicle green and 
the overlap yellow signal would be displayed during the 
phase B vehicle yellow signal. 
The phase B overlap signals would have the same rela 

tion to phase A and C as the phase A overlap signals 
have to phase B and C while the phase C overlap signals 
are related to the phases A and B. 

Let us now assume that the local controller has re 
mained in its rest position for an appreciable length of 
time and that an actuation of the phase B vehicle detector 
VDB, is now received. It will be further assumed that 
during the ensuing cycle no further actuations are re 
ceived by the local controller due to an absence of both 
vehicle and pedestrian traffic on Streets B and C. 
The rest position (position 1) of the local controller 

is, as previously described, held at rest by the open cir 
cuit of the cathode 213 with relays energized and deen 
ergized as previously described and with right of way 
accorded to Street A vehicle and pedestrian traffic. 
When the actuation of the phase B vehicle detector 

VDB occurs, the contact VDB, representing the phase 
B vehicle detector, closes and the relay BD is energized 
through the contacts as previously described. With relay 
Bid thus energized its contact 295 opens and breaks the 
energizing circuit for relay BM thus causing relay BM 
to become deemergized resulting in closure of contact 
335 of relay BM. 
With the closure of contact 335 the relay BD has a 
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shunting circuit to ground, shunting contact VB when 
the contact reopens thereby keeping relay BD energized 
through a circuit previously described. 
With the relay BM deemergized the cathode circuit for 

cathode 213 is completed, as previously described through 
contact 259 of relay BM so that when coincidence is ob 
tained the coincidence gate CG will pass current to ener 
gize the relay MAX to cause advancement of the wiper 
arms to position 2, as previously explained. 

In position 2 the relays LO, AW and AG become de 
energized as previously described and the signal lights 
are the same as in position 2 above. 

it should be noticed that in contrast to the description 
above that relays CM, BWT and CWT remain energized 
and relays BP, CD and CP are now deemergized, in the 
previous description the situation was reversed. 
Timing of the interval through bank C, position 2 is 

as previously described and the advance to position 3 
occurs as described above. 

Position 3 is a skip-step as above described and all 
signals and relays remain in the same condition as in 
position 2 while the advance of the wiper arms is effected 
to position 4. 

In position 4 relays AY and BGR are energized as in 
position 4 above and relay AGR is likewise deenergized. 
The signals illuminated are identical to those described in 
position 4 above with the interval timed as previously 
described relative to position 4 above. 

Position 5, as here assumed, becomes a skip step; since 
relay BWT is energized, a circuit to energize the motor 
magnet MM is completed from the A.C. power, through 
the coil of motor magnet MM, lines 359, 379, contact 375 
of relay MMR, lines 374, 551, 552, contact 553 of relay 
BWT, line 419, position 5 of bank D, wiper arm Di to 
ground. 
The advance to position 5 causes relays AY, AGD and 

RR to become deemergized as previously described and 
causes relay BGD to become energized as previously 
described. 
The relay BW remains deemergized since contact 409 

of relay BWT, in the energizing circuit of relay BW, is 
open. With relay BW denergized the signal gbs remains 
extinguished and signal ribs remains illuminated through 
circuit as previously described. The signals now illumi 
nated will show red signals for phase A vehicle and pedes 
trian traffic, a green signal for phase B vehicle traffic, a 
red signal for phase B pedestrian traffic and red signals for 
phase C vehicle and pedestrian traffic. 

Position 6 presents no change in the relay status, as 
disclosed up to position 5. The timing of position 6 
differs somewhat from that described previously for posi 
tion 6 as the timing capacitor is now charged through 
terminal PD--, timing adjustable resistor TP8, line 354, 
contact 555 of relay BWT, line 444, position 6 of bank C, 
wiper arm C, line 8, contact 82 of line 83, contact 84, 
line 85 to timing capacitor TC. 
The advance to position 7 is effected as previously 

described. 
In position 7 the relay BM is energized through a cir 

cuit as previously described. Relay BG is also energized 
and relay BD is deemergized as previously described. 

Position 7 here is similar to position 7 as previously 
described since both minimum and maximum time coin 
trols are timed during the interval, which is the vehicle 
interval of phase B. 
As previously described, the minimum time control 

is extendible up to the maximum limit which maximum 
limit is a percentage calculated time. The cathode circuit 
is now complete through the contact 252 of relay AW, as 
previously described. 
The local controller may advance to position 8 either on 

the minimum or maximum timing control depending upon 
additional actuations on the vehicle detector WDB during 
such interval all as previously discussed above relative 
to position 7. 

1.0 

20 

40 

50 

60 

65 

70 

75 

48 
Let it be assumed that the vehicle interwal is termin 

ated via action cf the minimum timing circuit, which 
circuit charges timing capacitor TC. The advance to 
position 8 is as previously described. 

In position 8 the relay BY is energized as previously 
described and relay CS is energized via a circuit from the 
A.C. power Supply through point 322, the coil of relay 
CS, line 553, contact 559 of relay BY, lines 568, 551, con 
tact 562 of relay CM to ground. The relays BG and 
BGR are both deenergized as previously described. 
With the relay CS energized positions 8, 9, 10 and 11 

become skip-steps and the wiper arms advance through 
to position 12 where the phase B vehicle clearance inter 
val is timed. 

It will be noted in FIG. 4c that positions 8, 9, 10 and 11 
of bank E are electrically joined so that a circuit completed 
through position 8 of bank E may be the same in positions 
8, 9, 10 or 11, therefore the four skip-steps are accom 
plished by placing a ground on the motor magnet MM 
via a circuit from the A.C. power through the coil of the 
motor magnet MM, lines 359, 379, contact 375 of relay 
MMR, lines 374, 551, 563, contact 564 of relay CS, iirie 
482, position 8 of bank D, wiper arm E1 line 53 to 
ground. 

This circuit is opened at contact 373 of relay MMR 
as motor magnet MM becomes energized and opens its 
contact 332 to break the energizing circuit of relay MMR. 
As deemergized relay MMR opens its contact 375 the 
energizing circuit for motor magnet MM is opened thus 
causing MM to become deenergized. When deenergized 
MM closes its contact 332 thus completing the energizing 
circuit for relay MMR. The energizing circuit for motor 
magnet MM is again complete as previously described. 
This entire reaction occurs in positions 8, 9, 10 and 11 
causing the rapid advancement of the wiper arms of the 
several banks of the rotary stepping switch to reach posi 
tion 12 while all signals and other relays hold as in posi 
tion 8. 
When the local controller advances into position 8 the 

signal lights remained as in position 7 except for the 
phase B vehicle signal which changed from green to yel 
low, indicating the phase B vehicle clearance interval. 
When the local controller is in position 9 the relay 

BGED is energized via a circuit that can be traced from 
the A.C. power supply through line 100, the coil of relay 
BGD, line 401, contact 492 of relay BS, line 403, the 
jumpered positions 5, 6, 7 and 8 of bank F, line 565, con 
tact 568 of relay CS, line 492 to jumpered positions 9, 19, 
11 and 12 of bank F, wiper arm F in position 9 of bank 
F, lines 94, 1893 to ground. 

In order to maintain relay CS energized in position 8, 
a parallel circuit is formed that may be traced from the 
A.C. supply voltage through point 322, the coil of relay 
CS line 558, contact 559 of relay BY, line 547 line 683 
contact 639 of relay AG to ground. This alternate cir 
cuit for relay CS will keep relay CS energized during the 
skipping operations if the actuation on the phase C ve 
hicle detector VidC or the phase C pedestrian pushbutton 
PBC should occur to deenergize relay CM and open its 
contact 562. 

In position 11 the relay CG is energized and deenergi 
zation in position 12 through circuits described above. 
The phase B vehicle clearance interval is timed by 

charging the timing capacitor TC through the terminal 
PD--, timing adjustable resistor TP7, line 435, contact 
489 of relay BY, line 83, contact 84, line 85 to timing 
capacitor TC. The charging of the timing capacitor be 
gins in position 8 but as the rapid advance takes place 
through positions 8, 9, 10, 11 to position 12 the timing 
capacitor TC is discharged with each advance since when 
the motor magnet MM is energized its contact 363 closes 
to discharge the timing capacitor as previously described. 
Therefore, the timing of the phase B vehicle clearance 
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interval occurs in position 12, under the assumed condi 
tions. 
The advance to position 13 occurs as previously de 

Scribed, as does the advance to position 1, in which the 
local controller may rest if no call from traffic on phase 
B or phase C has been received. 

Let it now be assumed that after the local controller 
has been at rest for an appreciable time two actuations 
are received, one actuation via the phase B vehicle de 
tector VDB and one actuation via the phase B pedestrian 
pushbutton PBB and for the purpose of this description, 
let it be assumed that no further actuations are received 
for either phase B or phase C. 
When the contact VDB is closed, the relay BD is ener 

gized as previously described. Its contact 295 is opened 
to cause the energizing circuit for relay BM to become 
open and relay BD is energized via contact 335 of relay 
BM, as previously described. 
When pushbutton PBB is actuated the relay BP is en 

ergized as previously described. The contact 339 of re 
lay BP is opened to cause relay BWT to become deemer 
gized while contact 342 of relay BP closes to lock-in the 
relay BP. 
The contact 259 of relay BM closes to complete the 

cathode, 23, circuit as previously described so that when 
the coincidence gate CG1 is in coincidence the coincidence 
gate CG will pass current to energize the relay MAX 
to advance the wiper arms to position 2. 

In position 2 the relays LO, AG and AW become de 
energized as previously described, with the position 2 
timed as previously described, and the signal lights illu 
minated the same as previously disclosed for position 2 
above. 

Positions 2, 3, 4, 5 and 6 are similar to those described 
above with reference to phase B vehicle and pedestrian 
actuations and phase C vehicle and pedestrian actuations, 
except that the phase C vehicle and pedestrian actuations 
are omitted and consequently the relays CG, CP, CM and 
CWT are as described with reference to the description 
involving phase B vehicle actuation only. 

In positions 7, 8, 9, 10, 11, 12 and 13 the local con 
troller is as was described above with reference to phase 
B vehicle actuation only. 

It should be noted that actuation of the phase B pedes 
trian pushbutton PBB only and no actuation of the phase 
B vehicle detector VDB, and no phase C actuations while 
the local controller is at rest or during a succeeding cycle 
would cause the local controller to react as if a phase B 
vehicle actuation had also been received with the phase B 
pedestrian actuation. This will be understood when it is 
pointed out that the energization of relay BP opens con 
tact 300 which contact is in the energizing circuit for relay 
BM. Relay BM when deemergized causes relay BD to 
become energized, all as previously described. Let it now 
be assumed that the local controller has been at rest for 
a period of time and during such rest period of a phase C 
vehicle actuation, via closure of contact VDC, is received. 
It is further assumed that no additional actuations via 
either phase C vehicle detector or phase C pedestrian 
pushbutton PBC or phase B vehicle detector or phase B 
pedestrian pushbutton are received either while the local 
controller is at rest or is in its ensuring cycle. 
With the actuation of the phase C vehicle detector VDC 

the contact VDC closes and relay CD is energized as de 
scribed above. The relay CM is deemergized as its ener 
gizing circuit is opened at contact 309 of relay CD. With 
relay CM thus deemergized the relay CD remains ener 
gized via a circuit previously described through contact 
345 of relay CM. 
The cathode 213 circuit would now be closed through 

the circuit previously described via contact 239 of relay 
CM. The advance of the wiper arms to position 2 would 
be as previously described. 

In position 2 the relays LO, AG and AW become de 
energized and the timing of the interval is as previously 
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described. Position 3 is a skip position as previously de 
scribed while in position 4 relays AY and BS become 
energized and relay AGR becomes deemergized. Relay 
AY is energized as previously described and relay BS is 
energized via a circuit from the A.C. power supply through 
point 312, the coil of relay BS, line 576, contact 573 of 
relay AY, line 574, contact 575 of relay BM to ground. 

Position 4 is the phase A clearance interval during 
which the phase A vehicle yellow is illuminated and the 
phase A vehicle green is extinguished. Since there were 
no calls on phase B the relay BS has become energized 
which relay completes a circuit to apply a ground connec 
tion to motor magnet MM so that positions 4, 5, 6 and 7 
become skip steps and, as previously explained, in con 
nection with the skipping of phase C, the wiper arms of 
the rotary stepping switch are rapidly advanced through 
the phase B positions 5, 6, and 7 so that the phase A vehi 
cle yellow interval, normally timed in position 4 is now 
timed in position 8, the normal position accorded to phase 
B vehicle yellow during a cycle when phase B is not 
omitted. In positions 4, 5, 6 and 7 the motor magnet MM 
is energized via a circuit from the A.C. power supply, 
through the coil of relay MM, lines 359, 379, contact 375 
of relay MMR, lines 374, 551, 552, contact 601 of relay 
BS, line 602 to position 4 of bank E, wiper arm E1, line 
i03 to ground. When the circuit is complete as described 
in position 4 the motor magnet MM is energized and 
notches the ratchet wheel (not shown). The contact 332 
of motor magnet MM is opened and breaks the energizing 
circuit for relay MMR which opens its contact 375 to open 
the energizing circuit for motor magnet MM which there 
upon deemergized the motor magnet MM and, the motor 
magnet deenergizing, advances the ratchet wheel to ad 
vance the wiper arms of the rotary stepping switch to the 
next position (position 5) with the motor magnet MM 
deenergized its contact 332 closes causing MMR to be 
come energized through its energizing circuit and MMR 
closes its contact 375 which contact closes the energizing 
circuit for MM through position 5 and the circuit previ 
ously described since positions 4, 5, 6 and 7 are jumpered 
together. 
The relay AY, heretofore described as deenergized only 

in position 4 is maintained in an energized condition via a 
circuit that may be traced from the A.C. power supply 
through line 94, the coil of relay AY, line 578, contact 
579 of relay AY, contact 580 of relay AG, line 581, jum 
pered positions 1, 2, 3, and 4 of bank F, line 105, line 
603, contact 582 of relay BS, line 403 to positions 5, 6, 7, 
and 8 of bank F, wiper arm F1, lines 104, 103 to ground. 
It will be noted that positions 5, 6, 7, and 8 of bank F are 
jumpered together so that the relay AY is held energized 
while the local controller is now in its positions 5, 6, 7, 
and 8. 
The skipping operation previously described is discon 

tinued in position 8 as the ground connection for motor 
magnet MM is no longer completed through the circuit 
making the skip operation possible. 

In position 8 the phase A vehicle clearance is timed 
through terminal PD--, timing adjustable potentiometer 
TP6, line 385, contact 381 of relay AY, line 85 to timing 
capacitor TC. 

In order that the phase A vehicle yellow signal be dis 
played during the rapid advance from positions 4 to 8 and 
during the interval timed in position 8, the relay AGD 
is held energized in position 5, 6, 7, and 8 by a circuit 
completed from the A.C. power supply through line 100, 
the coil of relay AGD, lines 109, 603, contact 582 of 
relay BS, line 403, jumpered position 5, 6, 7 and 8 of bank 
F, wiper arm F1, lines 104, 103 to ground. 

Relay BGD is held deenergized by open contact 402 of 
relay BS and relay BGR is held deemergized by open con 
tact 383 of relay BS. 

In order that the local controller will be assured con 
tinuance of the skip operations once such skip operation 
has started an alternate circuit to energized relay BS is 
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completed from the A.C. power supply through point 312 
the coil of relay BS, line 572, contact 573 of relay AY, 
line 694, contact 605 of relay BS, line 608, contact 609 of 
relay AG to ground. The last described circuit serves to 
hold the energizing circuit for relay BS completed through 
its own contact 605. After the original energizing circuit 
has been completed, if it should occur that there is an ac 
tuation of either phase B vehicle detector VDB or phase 
B pedestrian pushbutton PBB, which actuation would 
cause the relay BM to become deemergized and open the 
original energizing circuit for relay BS at contact 575 of 
relay BM the relay BS would remain energized through 
its own contact while the skipping operation of phase B, 
then in process, would continue. 
At the termination of the phase A vehicle yellow inter 

val the wiper arm is advanced to position 9 as previously 
described. 

In position 9 the phase A yellow vehicle signal is ex 
tinguished and the phase A red vehicle signal is illuminated 
as the phase C red vehicle signal is extinguished and the 
phase C green vehicle signal is illuminated. The relay 
CGD is energized in position 9 as previously described. 
The relay CGR having been energized in position 8 also 
as previously described. 
Due to the absence of a phase C pedestrian call the 

relay CP remains deemergized thereby causing relay CWT 
to remain energized, therefore in position 9 relay CW 
remains deemergized since the contact 494 of relay CWT 
in the energizing circuit of relay CW is open. 

Position 9 is now a skip step. In the previous descrip 
tion where the phase C vehicle and pedestrian actuations 
were received, position 9 was timed via the adjustable 
timing resistor TP13 to time the phase C green walk sig 
nal. With the absence of the phase C green walk signal 
displayed, the position 9 becomes a skip Step and ground 
is applied to the motor magnet MM via a circuit from 
the A.C. power supply through the coil of motor magnet 
MM, lines 359, 379, contact 375 of relay MMR, lines 
374, 55, 563, contact 632, of relay CWT, lines 495 posi 
tion 9 of bank D, wiper arm D1 to ground. The relay 
AY is deenergized in position 9 by the advance of the 
wiper arm E1 from position 8 to 9 of bank E. With the 
relay AY deemergized its contact 573 opens to open the 
energizing circuit for the relay BS. 
The position 10 is timed by charging the timing capaci 

tor TC through the terminal PD--, through the adjustable 
timing resistor TPA4, line 610, contact 61 of relay CWT, 
line 54, position 10 of bank C, wiper arm C, line 81, 
contact 82 line 83, contact 84 line 85 to timing capacitor 
TC. 

Positions 11, 12 and 13 are as previously described 
above relative to the description of the cycle including 
phase C vehicle and pedestrian actuations. 
The local controller moves into its position 1 to dis 

play the phase A green signals and awaits further calls 
from either phase B. or phase C traffic. 

Actuation of the phase C pedestrian pushbutton PBC 
alone or actuation of the phase C vehicle detector VDC 
and the phase C pushbutton together during the rest po 
sition of the local controller will cause identical reaction. 
Such reaction is similar to that previously described with 
relation to a phase C vehicle detector actuation above ex 
cept that the relay CP and CD will both be energized and 
relay CM and CWT will both be deenergized as described 
relative to the first disclosed description above. 

Positions 2 through 9 will be as previously described 
relative to a phase C vehicle actuation only while posi 
tion 9, previously described as a skip position, will time 
a phase C walk green period as described in the first de 
scription above. Position 10 will time a phase C walk 
clearance period similar to that description of the first 
disclosed cycle. Periods 11, 12 and 13 would remain 
similar to that description first disclosed and also to the 
preceding description referring to a phase C vehicle actua 
tion above. 
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It should be understood that maximum limit control 

timed in position 7 for phase B and in position 11 for 
phase C is based on a percentage of the time of the cur 
rent cycle with each percentage referable to Zero of the 
cycle. Therefore, the percentage employed as maximum 
time control of position 11 must exceed that percentage 
employed as maximum time control of position 7. 

Since the percentage referred to as set by the respective 
potentiometers PB1, PB2 and PB3 for phase B and PC1, 
PC2 or PC3 for phase C, is a percentage of the time of 
one cycle, which cycle length is determined by the master 
controller, it is therefore obvious that when the phase B 
is skipped, the time the local controller may remain ill 
phase C may thus be increased, by timely phase C vehicle 
actuations, in time to include that part of the time of the 
cycle that had been allocated to phase B. However, the 
percentage of the cycle at which the phase C must termi 
nate remains the same as determined by the potentiometer 
whether or not phase B is displayed in the same cycle. 
Due to an absence of a phase C actuation, the phase B 
may not be extended in time, or otherwise, as control of 
the percentage of the cycle is determined by the poten 
tiometer. The time that had been allocated to phase C 
would be absorbed by phase A after the termination of 
phase B. 

it is obvious that a complete cycle including all of 
phase A, phase B and phase C may be obtained, if the 
new cycle had been initiated via a phase B actuation, aid 
no phase C actuation is received until the local controller 
is in its position 7. if a phase C actuation is received dur 
ing or before the interval timed in position 7 the phase C 
part of the cycle will be included in the current cycle. 
However, should no phase C actuations be received dur 
ing a single cycle until after the termination of the inter 
val timed in position 7 and there is no memory of phase 
C from the previous cycle then the actuation shall be re 
membered and shall be employed to initiate a new cycle 
in absence of additional actuations or shall be employed 
to include phase C in the new or succeeding cycle. 

Should it occur that a phase C actuation initiates a 
cycle with no phase B actuation or memory at that tire 
and the local controller advances into position 4 to termi 
nate the phase A, a phase B actuation must occur before 
the local controller arrives in position 4 in order that 
the phase B may be included in that particular cycle. If 
such actuation is received by the local controller while 
the local controller is in any position from positions 4 
through 13 then the phase B of that cycle will be skipped 
but the actuation will be remembered by the local con 
troller and the phase B will be included in the next Slic 
ceeding cycle. 

It has previously been assumed that the local control 
ler, as described, was in simultaneous operation. It 
should be noted that simultaneous operation of the local 
controller will occur regardless of the emergized or de 
energized condition of the relays OT-OT' or IN in 
FIG. 4b so long as the relay SIM is energized. The 
several contacts of relay SM are so arranged as to com 
plete direct circuits from the potentiometer PO4 alone 
to the pulse former PF3 via contacts of relay PR as 
previously described, independently of any contacts in 
relays OT–OT' and IN. Operation of the local control 
ler other than simultaneous may occur only with the relay 
SIM deenergized. 

It will now be assumed that the master controller calls 
for a change to outbound offset for example energizing 
line OC in FIG. 4b and deemergizing line SMA to the 
local controller, so as to energize the relay OT-OT 
and deenergize the relay SIM. 
The relay OT would be energized from the master con 

troller via line OCA, through the coil of relay OT, line 
32 to ground. The relay OT closes its contact 613 to 
input power through the coil of relay OT, line 64, con 
tact 613 of relay OT to ground. The relay OT serves 
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in effect to multiply the number of contacts controlled 
by the coil of relay OT. 
With relay SIM deenergized and the relays OT-OT 

energized the output circuit from the potentiometer PO4 
in FIG. 4b to the pulse former PF3 in FIG. 4d is open 
at contacts 43 and 53 of relay SIM. The relays OT-OT 
thus energized close their contacts so that the output of 
the potentiometer PO2 is applied to transformer T3 of 
the pulse former PF3 from the potentiometer PO2 
through line 615, contact 618 of relay OT”, line 69 con 
tact 620 of relay IN, contact 621 of relay SIM, line 52, 
line 5, the coil of transformer T3, line 52, contact 49 
of relay PR, line 45, contact 622 of relay SIM, contact 
623 of relay IN, line 624, contact 625 of relay OT, line 
628 to potentiometer PO2. 
The output from the potentiometer PO2 adjusted for 

the desired percentage offset for “outbound,” will be ap 
pied to the transformer T3 of pulse former PF3 for 
comparison with the pulse output of PF2 derived from 
the controller offset potentiometer PO5 in coincidence gate 
CG2 and CG3 to drive potentiometer PO5 slowly in the 
nearest direction by motor RDM to the new desired per 
centage point established by potentiometer PO2. 

Although the change toward the new offset is initiated 
by selection over lines SM i, OC1, OC2, the change to 
full outbound offset for the controller cycle is completed 
When potentiometer PO5 is at rest, matching potenti 
ometer PO2 as determined by coincidence gate CG2. 
With the relay OTº energized and relay IN and SIM 

deenergized, a ground is provided for the adjustable 
lead and lug "OUT" through line 629, contact 630 of 
relay OT', line 631, contact 632 of relay IN, contact 633 
of relay SM to ground to effect change in cycle split if 
desired, as described below. 

If, however, the master controller calls for a change 
to inbound offset, for example, by energizing line OC2 
and deemergizing lines OC; and SM1, the relay IN would 
be energized from the input line OC2 through the coil 
of relay N, line 32 to ground, while relays OT-OT 
and SIM remain deenergized. The energizing of relay 
IN would close contacts to apply the output from po 
tentiometer PO to the pulse former PF3, from poten 
tiometer PO1 through line 634, contact 635 of relay 
OT’, 638, contact 639 of relay IN, contact 621 of relay 
SIM, line 52, line 5 through the coil of transformer 
T3, line 50, contact 49 of relay PR, line 45, contact 
622 of relay SIM, contact 640 of relay IN line 641, 
contact 642 of relay OT', line 643 to potentiometer PO1. 
The action of the pulse former PF2 and PF3 and the 

coincidence gated CG2 and CG3 cause the motor RDM 
to drive the potentiometer PO5 slowly to the position 
of potentiometer PO1 in a manner previously explained, 
as moving the offset of the local controller gradually 
to the desired inbound percentage offset. 
The operation of relay IN also connects ground to lead 

and lug IN' via line 644, contact 645 of relay OT, con 
tact 648 of relay IN, contact 633 of relay SIM to ground 
for connection to one of the split selection terminals as 
desired. 

Should the relays OT-OT and IN both be energized 
by the master controller and relay SIM deemergized off 
set condition, termed "average' offset, would similarly 
control the percentage based timing through the output 
of potentiometer PO3. The output of potentiometer PO3 
would be applied to the pulse former PF3 via lines 649, 
655, contact 654 of relay OT, line 638, contact 639 of 
relay N, contact 623 of relay SIM, lines 52, 51, coil 
of transformer T3, line 50, contact 49 of relay PR, line 
45, contact 622 of relay SIM, contact 640 of relay IN, 
line 64i, contact 653 of relay OT', lines 652, 651 to po 
tentiometer PO3. 

Lead and lug “AVE” will have ground applied via 
line 655, contact 658 of relay OT, contact 648 of relay 
IN contact 633 of relay SIM to ground for connection 
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to the desired split selection terminal for association with 
the average offset, 

Associated with the relays OT OT", IN and SM are 
indicator lamps L0, L1, Li2 and L13 which are con 
trolled by contacts of these several relays to indicate 
master demand for simultaneous, average, inbound and 
outbound offset respectively. Lamp L0 is illuminated 
from the A.C. power through line 39, lamp L10, line 
40, contact 35 of relay SIM, line 41 contact 42 of relay 
PR to ground. Lamp Li is normally illuminated via 
a circuit from the A.C. power supply through line 660, 
lamp L11, line 661, contact 662 of relay OT, contact 
663 of relay IN, contact 664 of relay SIM, line 41, con 
tact 42 of relay PR to ground. The lamp L11 is also 
illuminated in average offset operation, if the local con 
trollier is set by switch SS2 in positions 2, 3, or 4 so as 
not to respond to the master call for "free” operation. 
This circuit may be traced from the A.C. power sup 

ply through line 660, lamp Li, lines 66, 665, switch 
SS2 in positions 2, 3, or 4 line 666, contact 669 of relay 
OT, contact 670 of relay IN, contact 664 of relay SIM, 
line 4, contact 42 of relay PR to ground. 
The indicator lamp L2 is illuminated from the A.C. 

power through a circuit via line 666, through lamp 
Li2, line 67, contact 672 of relay OT, contact 663 of 
relay IN, contact 664 of relay SiM, line 41 contact 42 
of relay PR to ground. Indicator lamp L3 is illumi 
nated via a circuit from the A.C. power supply through 
line 660, lamp L3, line 673, contact 674 of relay OT, 
contact 679 of relay IN, contact 664 of relay SIM, line 
4A, contact 42 of relay PR to ground. 

it should be noted that if switch SS2 is not in posi 
tion 1 (it is here illustrated in position 1), the average 
offset will be called when relays OT-OT, IN and SIM 
are all deenergized. Thus in this condition average 
offset potentiometer PO3 is connected to transformer 
T3 via a circuit through lines 649, contact 650, line 
619, contact 626, contact 621, line 52, 51, coil of trans 
former T3, line 50, contact 49, line 45, contact 622, 
contact 623, line 624, contact 675, line 651 to potenti 
Oilimeter PO3. 

Should the relay OT-OT, IN and SIM all be de 
energized the controller would operate under "FREE' 
condition so long as the selector switch SS2, in FIG. 4b 
is in position 1 as illustrated. If the selector switch SS2 
were in the next position (position 2) the local con 
troller would operate under average offset conditions 
even though the master controller called for “free' op 
eration. This permits some local controllers to go "free' 
operation while others remain on average offset in light 
traffic as locally desired. 

In any event a lead and lug "FREE' provide means 
for connection to the desired split, with relays OT-OT 
IN and SIM all deemergized, regardless of position of the 
selector switch SS2. This circuit provides a ground 
to the lug “FREE” via line 678, contact 679 of relay 
OT, line 631, contact 632 of relay IN, contact 633 of 
relay SIM to ground. 

"Free' operation of the local controller is obtained 
by energization of relay FRR with relays OT-OT, IN 
and SIM deenergized and with switch SS2 in position 1 
as illustrated. The relay FRR would be energized from 
the A.C. supply through the coil of relay FRR, line 
677, switch SS2, line 666, contact 669, contact 670, con 
tact 664, line 41, contact 42 to ground. 
The indicator lamp L14 to indicate free offset is con 

nected when free operation is in effect by being com 
pleted in parallel with relay FRR via line 660 (lamp 
L14, line 680 to switch SS2. 

In "free” operation the 400 cycle input to PFA is 
shorted out at contact 681 of relay FRR. Capacitor 
120 in FIG. 4d is charged through the terminal PD-- 
through adjustable timing resistor TP10, line 682, con 
tact 683 of relay BG, line 684, contact 685 of relay 
CG, line 688, contact 689 of relay FRR, line 79, 78 to 
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capacitor 26. As capacitor 20 is charged the bias 
potential on grid 67 in CGi in FIG. 4d is decreased, 
through the circuit from the upper side of the capacitor 
120, line 78, line 79, resistor 121, terminal 164 line 158 
to grid 67 of tube 165. When the potential on the 
capacitor 120 becomes sufficiently high the bias on grid 
167 becomes sufficiently low so that the tube 167 be 
gins to pass pulses through the coincidence gate CG: 
to provide a positive voltage on the control grid 203 of 
tube 265. This positive voltage on the control grid 203 
prepares the tube 205 for the passage of current when 
the cathode 23 circuit is completed via contact 259 
of relay BM, contact 239 of relay CM or contact 252 
of relay AW by actuation as previously described. 
The 400 cycle output of PF2 provides the pulses on 

the second input to CGil at grid 68 of tube 65 for 
operation of CG1. 

In position 7, the extendible vehicle interval of phase 
B, the extendible vehicle interval is timed from the 
terminal marked PD-- through adjustable timing re 
sistor TP1, line 690, contact 691 of relay BG, line 
634, contact 685 of relay CG, line 638 contact 689 
of relay FRR, line 79, line 78 to capacitor 20 as pre 
viously described with reference to the timing of the 
interval in position 1 above. During the interval timed 
in position 7 the cathode 23 circuit is held closed so 
that the interval will terminate as previously described. 

In position 11, the extendible vehicle interval of phase 
C, the extendible vehicle interval is timed as previously 
described. However, the maximum limit, is timed from 
the terminal marked PD-- through adjustable timing 
resistor TP2, line 692, contact 693 of relay CG, line 
688, contact 689, lines 79, 78 to capacitor i20 thereby 
charging capacitor 120 as previously described with refer 
ence to position 1 and position 7 above. The maximum 
limit control will terminate as previously described, 
The split changing feature will now be described. In 

this embodiment three different adjustable splits are pro 
vided for selection from the master controller by locally 
chosen association with the several offsets. 
The splits 1, 2 and 3 are provided by control of relays 

SB2 and SB3 for phase B and SC2 and SC3 for phase 
C, in connection with the split change locking relay 
LO. A call for split change is initiated by a selection 
of one of the offsets by control relays OT-OT, IN, 
SIM from the master controller over lines OC1, OC2, 
SM1 and OC as described above. By cross connection 
of, as desired locally, one or more of the offset lead-lugs 
FREE, AVE, IN, OUT and SIM’ to any of the split 
terminals, the actual change of split can take place by 
energization or deemergization of relay SB2 or SB3 for 
phase SB and SC2 or SC3 for phase C, under control 
of the relay LO. 
The relay LO is energized only in position 1 of the 

cycle of the stepping switch which is Street A green 
Walk and potential rest position and which terminates at 
the Zero point of the local controller time cycle. Since 
the split changes affect the termination of the Street B 
green interval in position 7 and the termination of the 
Street C green interval in position 11 of the cycle, the 
making of a split change only in position 1, by control 
of the relay LO, avoids skipping a cycle in case of switch 
ing from one split percentage to an earlier split per 
centage after passing the earlier point, 
A circuit previously described energized the relay LO 

only when the local controller is in position 1. 
When relay LO is energized, a circuit is completed 

from input power through line 694, the coil of relay 
SC3, line 695, line 696, contact 365 of relay LO, line 699 
to split 3 terminals and from A.C. input power through 
line 701, the coil of relay SB3, line 696, contact 365 of 
relay LO, line 699 to split 3 terminal, also from A.C. 
power through line 694, the coil of relay SC2, lines 702, 
703, contact 364 of relay LO, line 704 to split 2 terminals 
and from A.C. power through line 701, the coil of relay 
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SB2, line 703, contact 364 of relay LO, line 704 to split 
2 terminals. These circuits prepare for operation of 
relays SB2, SB3, SC2 and SC3 when ground is applied 
to the associated split terminal. 

Let it be assumed that a ground connection is applied 
to the Split 2 terminal via adjustable lead-lug “HNº over 
the circuit of this lead previously described. Relays SB2 
and SC2 would be energized through the above described 
circuits via contacts of relay LO to open the input circuit 
for the potentiometer PB and PC respectively at con 
tacts 473 and 465 of relay SB2 for potentiometer PB 
and at contact 532 and 527 of relay SC2 for potentiom 
eter PC1. Potentiometer PB2 would apply an input to 
transformer T1 of the pulse former PFA through line 
723, contact 724 of relay SB2, contact 472 of relay SB3, 
line 471, position 7 of bank B, wiper arm BA, line 73, 
point 72, ?ine 71, the coil of transformer T1, line 70, 
contact 69 of relay FRR, line 65, wiper arm A1, position 
7 of blank A, line 470 contact 469 of relay SB3, contact 
725 of relay SB2, line 726 to potentiometer PB2. The 
potentiometer PB2 of split 2 would now serve a similar 
purpose as that previously described with reference to 
potentiometer PB1 of split 1. 

Similarly potentiometer PC2 would apply an input to 
transformer T through line 723, contact 739 of relay 
SC2, contact 531 of relay SC3, line 539, position 11 of 
bank B, wiper arm Bi, line 73, point 72, line 71, the 
coil of transformer T1, line 79, contact 69 of relay FRR, 
line 65, wiper arm A., position 11 of bank A, line 529, 
contact 525 of relay SC3, contact 732 of relay SC2, line 
732 to potentiometer PC2. 
The pre-set adjustable timing resistor TB1 associated 

with the potentiometer PBi, as previously described also 
has its circuit broken at contact 439 of relay SB2 while 
the preset adjustable timing resistor TC, associated with 
potentiometer PC has its circuit broken at contact 5 
of relay SC2. 
The adjustable timing resistor TB2 would now be em 

ployed to charge the timing capacitor TC from the direct 
current input through the potential divider PDX to a tap 
PD+ to which the adjustable timing resistor TB2 is con 
nected, through TB2, line 734, contact 733 of relay SB2, 
contact 440 of relay SB3, line 441, position 5 of bank C, 
Wiper arm C, line 81, contact 82, line 83, contact 84, 
line 85 to timing capacitor TC. 
The adjustable timing resistor TC2, associated with po 

tentiometer PC2 would be employed to charge the timing 
capacitor TC through the terminal PD--, adjustable tim 
ingresistor TC2, line 736, contact 735 of relay SC2, con 
tact 502, of relay SC3, line 503, position 9 of bank C, 
Wiper arm C, line 81, contact 82, line 83, contact 84, 
line 85 to timing capacitor TC. 
With the relay SB2 energized a circuit would be com 

plete from the A.C. Supply through line 703, indicator 
lamp L2, contact 722 of relay SB2, contact 739 of relay 
SB3 to ground. 
With the relays SB3, SB2, SC3 and SC2 deemergized 

as previously described, split 1 would be in effect and 
the indicator lamp Li would be illuminated from the 
A.C. power supply through line 70i, lamp L1, contact 
740 of relay SB2, contact 739 of relay SB3 to ground. 
Assume that a ground connection is applied to split 3 

terminal via adjustable lead-lug “OUT” over the circuit 
of this lead previously described relays SB3 and SC3 
would be energized through the above described circuits 
via contacts of relay LO, to open the input circuit for the 
potentiometer PB2 and PC2 respectively at contacts 472 
and 469 of relay SB3 for potentiometer PB2 and contacts 
525 and 531 of relay SC3 for potentiometer PC2. Po 
tentiometer PB3 would apply an input to transformer T. 
of pulse former PF1 through line 795, contact 706 of 
relay SB3, line 471, position 7 of bank B, wiper arm B1, 
line 73, point 72, line 71, the coil of transformer Ta, line 
70, contact 69 of relay FRR, line 65, wiper arm A1, posi 
tion 7 of bank A line 470, contact 709 of relay SB3, line 
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710, to potentiometer PB3. The potentiometer PB3 of 
split 3 would now serve a similar purpose as that previ 
ously described with reference to potentiometer PB1 of 
split 1. 

Likewise potentiometer PC3 would apply an input to 
the transformer Ti through line 711, contact 712 of relay 
SC3, line 530, position 11 of bank B, wiper arm B1, line 
73, point 72, line 7, the coil of transformer T1, line 70, 
contact 69 of relay FRR, line 65, wiper arm A1, posi 
tion 11 of bank A, line 529, contact 713 of relay SC3, line 
714 to potentiometer PC3. The potentiometer PC3 
would now serve a similar purpose as that previously de 
scribed with reference to potentiometer PC of split 1. 
The pre-set adjustable timing resistor TB2 associated 

with potentiometer PB2, as previously explained also 
has its circuit broken at contact 440 of relay SB3 while 
the preset adjustable timing resistor TC2, associated with 
potentiometer PC2 has its circuit open at contact 502 of 
relay SC3. 
The adjustable timing resistor TB3, associated with 

potentiometer PB3 would be employed to charge the tim 
ing capacitor TC from the direct current input through 
the potential divider PBX to a tap PD-- to which 
the adujstable timing resistor is connected, through the 
adjustable timing resistor TB3, line 715, contact 716 of 
relay SB3, line 441, position 5 of bank C, wiper arm C1, 
line 81, contact 82, line 83, contact 84, line 85 to capaci 
toT TC. 
The adjustable timing resistor TC3 associated with 

potentiometer PC3 would be employed to charge the tim 
ing capacitor TC through the terminal PD-+-, adjustable 
timing resistor TC3, line 719, contact 720 of relay SC5, 
line 503, position 9 of bank C, wiper arm C, line 81, 
contact 82, line 83, contact 84, line 85 to timing capacitor 
TC. 

With the relay SB3 energized a circuit would be com 
pleted from the A.C. supply through line 761, indicator 
lamp L3, contact 721 of relay SB3 to ground. 

It should be noted that should relay SB3 and SB2 and 
SC3 and SC2 be energized at the same time, split 3 would 
be in effect. 
As previously described, the split can change only when 

the locking relay LO is energized. After a change of split 
has taken place via energization of the relay SB2, SB3, 
SC2 and SC3 as explained above, the energized relays 
lock in via their own contacts through the contacts 74i. 
and/or 742 of deemergized relay LO. When the relay 
SB2 and SC2 are energized, when the relay LO is de 
energized, the relay SB2 and SC2 lock in through con 
tacts of relay SB2. The circuit is completed from the 
A.C. power supply through line 694, the coil of relay SC2, 
line 702, 703, contact 74 of relay LO, line 743, contact 
722 of relay SB2, contact 739 of relay SB3 to ground 
and from the A.C. power supply through line 701, the 
coil of relay SB2, line 703, contact 741 of relay LO, line 
743, contact 722 of relay SB2, contact 739 to ground. 
The relays SB3 and SC3 are locked in through con 

tacts of relay SB3 from the A.C. power supply through 
line 694, the coil of relay SC3, lines 695, 696, contact 
742 of relay LO, line 744, contact 721 of relay SB3 to 
ground and from A.C. power supply through line 701, the 
coil of relay SB3, line 696, contact 742 of relay LO, line 
744, contact 72 of relay SB3 to ground. 
The foregoing description has assumed that the ganged 

Switch SS3-SS4 were placed in contact with the upper 
tap, as illustrated. If the switches SS3-SS4 were placed 
in the center position the local controller could not as 
sume simultaneous operation due to the lack of an ener 
gizing circuit for the relay SIM via input line SMS, which 
line is only connected to the upper position. 

If, however, the switches SS3-SS4 were placed in the 
lower position the local controller would assume isolated 
operation via energization of the relay PR through a cir 
cuit from power supply represented by a plus in a square, 
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through the coil of relay PR, switch SS4, resistor R20 
to ground. 
The indicator lamp L15 would be illuminated from the 

A.C. power supply through the lamp L15, contact 745 of 
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relay PR to ground. 
The contact 746 of relay PR is closed to short out the 

transformer T3 via a circuit from the contact 746 of relay 
PR through line 50, the coil of transformer T3, line 51 
to contact 746 of relay PR. 
The contacts 749 and 750 of relay PR close to apply 

a 60 cycle A.C. to the transformer T2 from the A.C. 
power supply through resistor R21, contact 749 of relay 
PR, line 61, the coil of transformer T2, line 60, contact 
750 to ground. This applied 60 cycle A.C. to the pulse 
former PF2 via the transformer T2 will prevent coinci 
dence in the coincidence gate CG2 and therefore no cur 
rent would pass through CG2 to energize the relay OS. 
Consequently the relay OS remains deenergized and its 
contact 590 remains closed to complete a ground connec 
tion to whichever contact of relay OD is then closed. The 
relay OD will also be and remain deemergized due to the 
failure of CG3 to pass current so that a circuit would be 
complete from the A.C. power supply through point 593, 
coil CW, line 594, contact 59E of relay OD, line 595, 
contact 590 of relay OS to ground, to keep the motor 
RDM rotating at a constant speed in a constant direction. 
The motor RDM will rotate the cam shaft CMS to 

rotate the can arms to close the cam contacts CA, CB and 
CC respectively at different periods in the cycle. 
Cam contact CA will be effective only when the step 

ping switch is in position 1, cam contact CB will be 
effective only when the stepping switch is in position 7 
and cam contact CC will be effective when the stepping 
switch is in position 11 only. 
When in position 1 the cam contact CA closes a circuit 

from ground through lines 63, 64, wiper arm Fi, posi 
tion 1 of bank F, line 581, contact 751 of relay AG, cam 
contact CA, line 752, contact 753 of relay PR line 754, 
lines 241, 242, to point 119. When a call is received by 
the local controller either relay BM or CM, or both will 
become deenergized and close the contacts 259 of relay 
BM or 239 of relay CM or both. With the closure of 
such contacts the cathode 213 will be grounded via a 
circuit that can be traced from the cathode 213, through 
lines 234, 235, contact 239, lines 240, 754, contact 753 
of relay PR, line 752, cam contact CA, contact 75 of 
relay AG, line 581, position 1 of bank F, wiper arm F1, 
lines E04, 83 to ground or from cathode 23, through 
lines 234, 245, 260, contact 259, lines 255, 254, 241, 754, 
contact 753, line 752, cam contact CA, contact 751, line 
581, position 1 of bank F, wiper arm F1, lines 104, 103 
to ground. 
The joining of cathode 23 to ground will cause tube 

205 to pass plate current to operate the relay MAX since 
there is no potential on grid 203 of tube 205. The relay 
MAX closes its contact 353 completing the energizing 
circuit for the motor magnet MM as previously described. 
When the stepping switch is in position 7 the cam con 

tact CB closes completing a ground for the cathode 213 
through lines 234, 234, contact 239, line 240, to line 754, 
or from cathode 23, through lines 234, 245, 251, con 
tact 252 of relay AW, lines 253, 254, 241 to line 754, and 
through line 754, contact 753 of relay PR, line 752, cam 
contact CB, line 755 to contact 756 of relay BG to ground. 
This circuit will serve as the maximum timing circuit 
for the extendible vehicle interval of phase B timed during 
position 7 and will only advance the wiper arms if actua 
tions of the phase B vehicle detector VDB extend the 
phase B extendible vehicle interval to the maximum limit 
during such interval. 

In position 11 the cam contact CC closes to complete 
a ground for the cathode 213 through lines 234, 245, 
260, contact 259, lines 255, 254, 241 to line 754 or from 
cathode 23 through lines 234, 245, 251, contact 252, 
lines 253, 254, 241 to line 274 and through line 754 
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contact 753, line 752 to cam contact CC, line 758, contact 
759 of relay CG to ground. 

This circuit will serve as the maximum limit circuit 
for the extendible vehicle interval of phase C timed 
during position 11 and will only advance the wiper arms 
of the rotary stepping switch if actuations of the phase 
C vehicle detector VDC extend the phase C extendible 
vehicle interval to the maximum limit during such in 
terva. 
As previously described above relative to the termin 

ation of an extendible vehicle interval via the maximum 
limit timing circuit, if phase B is terminated via the 
maximum limit timing circuit, by the energization of 
relay MAX, the relay BM is deemergized as previously 
described and a call is left for phase B for the next Succeeding cycle. 

Similarly the phase C will be recalled in the next 
Succeeding cycle if the extendible vehicle interval of 
phase C terminates via the maximum limit circuit by 
energization of relay MAX which relay would cause 
relay CM to become deenergized so as to leave a phase 
C call for the next succeeding cycle. 
When the switch SS6, previously described, is turned 

to the position to the left to obtain phase C pedestrian 
recall a circuit is compiete from input power supply 
through the coil of relay CP, line 352, line 765, switch 
SS6 in its left most position, line 762, contact 76 of 
relay AG to ground. This would energize relay CP 
and place a phase C pedestrian call in the local con 
troller when the AG becomes energized in position 1, 
as previously described. When the switch SS6 is turned 
fully to the right, the phase C vehicle recall position, 
the circuit is completed from input power supply through 
the coil of relay CD, line 766 to the rightmost position 
of switch SS6, line 762, contact 761 to relay AG to 
ground to energize relay CD and place a phase C ve 
hicle call in the local controller when relay AG becomes energized in position 1. 
The Switches SS1 in FIG. 4c and SS2 in FIG. 4b are 

illustrated as separated for convenience. These switches, 
however, are associated with each other as will be seen 
in FiG. 11, the sample face panel of the local controller. 
These switches are mechanically connected and will ro 
tate to Successive positions simultaneously. 
As previously stated, when the switches SS1-SS2 

are in position first as shown, the local controller may, 
upon demand of the master controller, assume “free' 
Operation as previously discussed. In position second 
Such "free” operation may not be assumed even though 
the appropriate demand for the same is made by the 
master controller. In position third a phase B pedestrian 
recall is affected while in position fourth a phase B 
vehicle recall is affected. 
The phase B pedestrian recall is effected by the ener 

gization of relay BP through a circuit from the input 
power through the coil of relay BP through point 338, 
line 340, line 768, position third of switch SS1, line 
769, contact 770, of relay AG, line 760 to ground. Thus 
relay BP is energized and places a pedestrian call for 
phase B in the local controller when relay AG is ener 
gized in position 1, as previously described. When the 
Switch SSi is in position fourth, a circuit is complete 
to energize relay BD from the input power supply through 
the coil of relay BD, lines 333, 334, 771, switch SS 
in position fourth, line 769, contact 770 of relay AG, 
line 760 to ground. Thus relay BD will be energized 
and place a vehicle call in the local controller when relay 
AG is energized in position 1 as previously described. 

Reference will now be made to FIG. 10, showing a 
sample dial panel for the controller of FIGS. 4a-4e, 
and to the associated FIGS. 11 and 12 showing sample 
cycles of operation of the controller with the several 
signal periods or functional periods identified by num 
bers in parentheses with the similarly identified adjusting 
dials in FIG. 10. 

10 

5 

25 

30 

35 

40 

50 

55 

60 

65 

70 

75 

60 
These FIGS. 10-12 are largely self-explanatory but 

will be supplemented with a brief description of some 
features below. The several adjusting dials in FIG. 1 ( 
are generally shown with their knobs pointing to eithe) 
the “off” position or the lowest setting that may be ob. 
tained on the dial. The FIG. 10 is so presented because 
of the numerous settings possible, all depending upor. 
the traffic at the controlled intersection. It will there. 
fore be understood that the settings will differ in per 
centage or time settings as the case may be, depending 
upon the science of traffic control and th intersection 
controlled by such local controller. 
The large circles with the two semi-circles inside 

identified “INBOUND,º “OUTBOUND,º “AVER 
AGE, “SPLIT 1,” “SPLIT 2,” “SPLT 3.” “ISO. 
LATED,” “FREE,” “SIM,” “A WALK,” “B GREEN,” 
“C GREEN,” “STREET B PED. CALL,” “STREET C 
PED. CALL,” “STREET B VEH. CALL” and “STREETI 
C VEH. CALL in FIG. 10, illustrate indicator lamps 
corresponding to L12, L13, L11, L1, L2, L3, Lí5, 
Li4, L10, L4, L7, L18, L6, L8, L5 and L7 respectively 
in FIG. 4. 
The several switch and dial adjustments are more fully 

described below. The manual switch (2) in FIG. 10 
illustrated in coordinated and simultaneous position, is 
similar to switch SS3-SS4 in FIG. 4b which switch 
also permits selection of coordinated or isolated oper 
ation. Under coordinated operation, positions 1 and 2, 
the local controller is subject to the control of the master 
controller with regard to cycle and offset. 
Under isolated operation, position 3, the controller 

is disconnected from the master controller. However, 
the cycle and split under isolated operation are sup 
plied by a synchronous motor RDM and cam CMS ar 
rangement, operating the associated contacts CA, CB, 
and CC. The "split' set by these cams in such oper 
ation determines the side street maximum intervals, as 
explained above while the side street interval timing of 
phase B and phase C individually, up to the maximum, 
is determined by vehicle and pedestrian actuations. 

For normal coordinated operation, under the control 
of the master controller, the system selector switch (21) is 
set in ether the "coordinated' position or the "coordinated 
and simultaneous' position. In the latter position, 2, the 
local controller will switch to the inbound, outbound or 
average offset on demand from the master controller, but 
will ignore any call for simultaneous offset. With the 
switch in the former position, 1, the local controller will 
respond to demand for simultaneous offset, as well as to a 
demand for inbound, outbound or average offset. 
The selector switch (20) in FIG. 10 is comparable 

to switches SS1-SS2 of FIG. 4. Selector switch (20) of 
FIG. 10 is presented in the “actuated and free” position, 
the most counterclockwise position of the switch (20). 
This position corresponds to the position in which switch 
SS1-SS2 of FIG. 4 is represented. With selector switch 
(2B) set in the above position, the local controller will 
respond to demand from the master controller for "free' 
operation. Response to a call for "free” operation may 
be made in either position 1 or position 2 of Switch (22) 
depending on the position of selector switch (20). 
When selector switch (20) is in its next position to 

the right, "actuated' position, the local controller will 
perform as a coordinated semi-actuated controller, gov 
erned by the master controller, but will ignore any call 
from the master controller to go to "free' operation. 
With the switch (20) in the “B PED. RECALL posi 

tion or in the “B VEH. RECALL' position, the operation 
of the local controller will be modified to the extent of 
recalling the controller to phase B, at the termination of 
each phase A period, with the initial timing of the phase 
B green period determined by either the vehicle or pedes 
trian interval settings. 

Selector switch (22), illustrated in its "off" position is 
comparable to switch SS6 of FIG. 4c. By putting switch 
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(22) of FIG. 10 in the “STREET C PED. RECALL" or 
"STREET C VEH. RECALL position, the operation of 
the local controller will be modified to the extent of re 
calling the controller to the phase C after the termination 
of the phase A, if phase B is not inserted into the cycle 
or, after the termination of phase B if the phase B is in 
serted into the cycle, with the initial timing of the phase 
C green period determined by either the vehicle or pe 
destrian interval settings. 

It is obvious that selector switch (20) may be set on 
either “B PED. RECALL' or “B VEH. RECALL' and 
selector switch (22) may, at the same time, be set on 
“STREET C PED. RECALL” or “STREET C VEH. 
RECALL and thus modify the local controller. 

Dials (ia), (1b) and (1c) corresponding to phase ad 
justing potentiometers PO1, PO2 and PO3 determine the 
offset, in percent of total cycle, by which the local con 
troller cycle will lag behind the zero point in the master 
controller cycle, for inbound, outbound and average 
offsets respectively. As called for by the master controller 
the potentiometer PO4 determines the offset for simul 
taneous, but is not shown in FIG. 10. 

These settings determine the percentile point in the 
background cycle of the beginning of the Street A pedes 
trian clearance period, the first interval in the local con 
troller cycle following the Street A pedestrian green walk 
period in position 1, in the cyclic step-by-step switch. 
Thus the local zero point or start of the local controller 
cycle is in the stepping of the stepping switch from posi 
tion 1 to position 2 to terminate the Street A green walk 
signal to pedestrian traffic associated with phase A and 
start the phase A pedestrian clearance period in position 2. 

Dial (2) corresponding to timing adjustable resistor 
TP, is used to set the Street A pedestrian clearance 
period. Dial (3) corresponding to potentiometer TP6 
determines the length of the Street A vehicle clearance 
interval. Dial (4), corresponding to potentiometer TP10, 
is used to set the Street A minimum green period which 
period is timed under “free operation' only. 

Dials (5a), (5b) and (5c) correspond respectively to 
potentiometers PB1, PB2 and PB3 and are used to set the 
maximum length of the Street B green interval for the 
three available splits. These dials are calibrated from 
zero to 100% for example, and set the maximum termina 
tion point of the Street B green as measured from the 
zero point in the local controller cycle. In adjusting 
these dials, it will be noted that the Street A pedestrian and 
vehicle clearance periods will be deducted from the ap 
parent length of the maximum settings. 
The dials (5a), (5b) and (5c) settings must be high 

enough to cover the sum of the Street A pedestrian and 
vehicle clearance periods and either the Street B pedes 
trian minimum green and pedestrian clearance intervals 
or the Street B vehicle initial interval during the shortest 
time cycle to be used. 

Dials (6a), (6b) and (6c), corresponding to potentio 
meters TB1, TB2 and TB3 respectively, determine the 
length of the Street B pedestrian walk green interval 
whenever pedestrian pushbuttons are used, as shown in 
the preferred form of the invention in FIG. 4. This 
guaranteed “walk' interval forms the first part of the 
Street B green period whenever a pedestrian actuation via 
a pedestrian pushbutton for phase B or Street B is received 
prior to the end of the Street A vehicle clearance. 

Dial (7) corresponding to potentiometer TP8, is used 
to set the length of the Street B "vehicle initial” interval. 
This interval forms the first part of the Street B green in 
absence of pedestrian actuations on Street B. 

Dial (8) corresponds to potentiometer TP2 and times 
the vehicle extension interval of Street B. This interval 
operates to extend the Street B green period up to the 
maximum under substantially continuous actuation of the 
vehicle detector by traffic on Street B. 

Dial (9), corresponding to potentiometer TP9, is used 
to determine the length of the Street B pedestrian clear 
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ance interval and its timing function is inserted into the 
cycle only upon actuation of the pedestrian pushbutton 
PBB in FIG. 4 prior to termination of the phase A vehicle 
clearance interval. 

Dial (i.0) corresponds to potentiometer TP7 and is 
used to time the vehicle clearance interval associated with 
Street B. 

Dial (AA) corresponding to potentiometer TP1 is used 
to set the Street B maximum limit under “free' operation 
as described below. 

Dials (12a), (12b) and (12c) correspond respectively 
to potentiometers PC1, PC2 and PC3, associated with 
Street C herein, and are used to set the maximum length 
of the Street C green intervals for the three available 
splits. These dials are calibrated from zero to 100% 
for example, and set the maximum termination point of 
the Street C green as measured from the zero point in the 
local controller cycle. In adjusting these dials, it will 
be noted that the percentage at which dials (12a), (12b) 
and (12c.) are set must exceed the percentage at which 
the dials (5a), (5b) and (5c) are set. For example, dial 
(5a) of split 1 of Street B is associated with dial (12a), 
split 1 of Street C, dial (5b) of split 2 of Street B is asso 
ciated with dial (12b) of split 2 of Street C and dial (5c) 
of split 3 of Street B is associated with dial (12c.) of split 
3 of Street C. 
The dial (12a), (12b) and (12c.) settings must be high 

enough to cover the sum of the Street A pedestrian and 
vehicle clearance periods, the Street B green period, up to 
the maximum, and the Street B vehicle clearance period 
followed by either the Street C pedestrian minimum green 
and pedestrian clearance intervals or the Street C vehicle 
initial period during the shortest time cycle to be used. 
The dials (13a), (13b) and (13c.) corresponding re 

spectively to potentiometers TC1, TC2 and TC3 deter 
mine the length of the Street C walk green interval when 
ever a pedestrian pushbutton associated with Street C is 
actuated. This guaranteed “walk' interval forms the 
first part of the street C green whenever a pedestrian actu 
ation for Street C is received prior to the end of the 
Street B vehicle clearance interval, if the local controller 
is about to time out the Street C periods or prior to the 
termination of the Street B vehicle interval if the local 
controller had no call for the Street C periods in that par 
ticular cycle. 

Dial (14) corresponds to potentiometer TP14 and is 
used to set the timing of the Street C "vehicle initial' in 
terval. This interval forms the first part of the Street C 
green period in the absence of a pedestrian actuation on 
Street C. 

Dial (15), corresponding to potentiometer TP3, times 
the vehicle extension interval associated with Street C. 
This interval operates to extend the Street C green up to 
the maximum under substantially continuous actuations 
of the Street C vehicle detector by traffic. 

Dial (17), corresponding to potentiometer TP4, is used 
to time the Street C vehicle clearance period at the termi 
nation of the Street C green period. 

Dial (18) corresponds to potentiometer TP12 and is 
used to set the Street C maximum limit under “free” op 
eration while dial (16), corresponding to potentiometer 
TP13, times a pedestrian clearance period on Street C 
when the Street C pedestrian pushbutton has been actu 
ated to produce the pedestrian signal sequence on Street 
C. 
The dial (19), corresponding to potentiometer TP5, is 

used when the all red interval is inserted into the cycle in 
advance of the Street A periods. This dial has an “off” 
position, for example, at the beginning of its timing range 
to close switch SS8 in FIG. 4 so as to eliminate the all 
red interval entirely. 
On the sample panel as shown in FIG. 10 all the dials 

on the left in the area marked off and labeled Street A 
are associated with the Street A or phase A signals while 
the center section marked Street B contains dials asso 
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ciated with the Street B or phase B signals and the dials 
on the right marked off and labeled Street C are associ 
ated with Street Corphase C signals. 
The indicator lamps over split 1, split 2 and split 3 re 

Spectively, in the area marked Street C will indicate what 
split is in effect and will apply to the Street B or phase B 
as well as Street C or phase C splits. The location of the 
split indicator lamps are for convenience only for they 
may have been located in the area labeled Street B. 

Free operation is obtained at a local controller when 
specified by the master controller during light traffic 
periods, but only if selector switch (20) i.e. SS-SS2 of 
FIG. 4 on the local controller, has been set at the 
"actuated and free” position. During “free operation 
the master controller functions of cycle and offset selec 
tion are suspended with respect to this local controller, 
and the latter operates as an independent semi-actuated 
controller. 

Dials (6), (7), (8), (9) and (10) determine the timing 
interval for Street B as explained above. Dials (5a), 
(Sb), and (5c) are ineffective, and the Street B maximum 
interval is set om dial (11). The Street B minimum green 
is composed of one walk interval, dial (6), one pedestrian 
clearance interval, dial (9), and one vehicle interval, dial 
(8) or one initial interval, dial (7), and one vehicle in 
terval, dial (8). In either case, the timing of the maxi 
mum green period is started simultaneously with the be 
ginning of the first vehicle extension interval. 

Dials (13), (4), (5), (6) and (17) determine the 
timing intervals for Street C as explained above. Dials 
(A2a), (12b), and (12c.) are ineffective and the Street C 
maximum interval is set on dial (18). The Street C min 
imum green is composed of one walk interval, dial (13), 
one pedestrian clearance interval, dial (6), and one 
vehicle interval, dial (15), or one initial interval, dial 
(54), and one vehicle interval, dial (15). As in the case 
of phase B, the timing of the maximum time of the Street 
C green period, is started simultaneously with the be 
ginning of the vehicle extension interval of phase C. 
Following the Street C periods, or the Street B periods if 
the Street C periods are eliminated from the cycle, and 
after the all-red interval, if such all-red interval is dis 
played, the Street A or phase A minimum green, as set on 
dial (4), is timed. If a call is received from a Street B 
vehicle detector or a Street B pedestrian pushbutton, or a 
Street C vehicle detector or a Street C pedestrian push 
button prior to the end of the Street A minimum green, 
the local controller will go directly into the Street A 
pedestrian clearance, dial (2), at the end of the minimum 
timing. 

In the absence of both pedestrian and vehicle calls from 
both Street B and Street C, the controller will "rest' on 
Street A green at the end of the minimum time period. 
Upon receipt of a Street B or Street C call by actuation 
thereon, the Street A pedestrian clearance is initiated 
followed by the Street A vehicle clearance and the Street 
B green, if there was an actuation on Street B or, in the 
absence of a Street B actuation, the Street C green. 

Referring now to FIGS. 11 and 12, these figures il 
lustrate schematically cycles of operation of the con 
troller of FIGS. 4a-4e in coordinated and isolated opera 
tion and in "free' operation respectively. 
The diagrams illustrate one complete cycle with both 

actuated phases, phase B and phase C inserted into the 
cycle. 

In both FIG. 11 and FIG. 12 a horizontal dividing line 
in the B and C green periods illustrates a vehicle actua 
tion alone, for each phase, in the lower two blocks (for 
B green, INIT (7) and VEH (8) and for C green INIT 
(4) and VEH (15)) and illustrates a pedestrian actua 
tion, with or without vehicle actuation, for each phase, 
in the upper blocks, (for B green, B WALK (6), PED 
CL (9), VEH INT (8) and for C green, CWALK (13), 
PED CL (16), and VEH INT (15)). The designation 
“INIT” is an abbreviation for initial, “PED” for pedes 
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trian, “VEH' for vehicle, “CL” for clearance and "INT 
for internal. 
The term 'FIXED' is applied to locally timed periods 

pre-set by the time adjustment dial. 
The notation “MINIMUM SETTING” in FIG. 11 in. 

dicates the lowest limit for the setting of the B percentage 
maximum by dial (5), the lower notation, and the lowest 
limit for setting the C percentage maximum by dial (12), 
the upper notation. The maximum setting for phase B. 
dial (5) should include time, measured in percentage of 
the shortest possible cycle, to exceed the total time as 
pre-set on the locally adjustable timing dials (2) for 
A PED CL, (3) for A VEH CL, (6) for B WALK, (9) 
for PED CL, and (8) for VEH INT or dials (2) for A 
PED CL, (3 ) for A VEH CL, (7) for INIT and (8) for 
VEH, whichever sequence of timed intervals is the longest. 
The maximum setting for phase C, dial (2) should in 
clude time, measured in percentage of the shortest pos 
sible cycle, to exceed the total possible time that may be 
absorbed by the several intervals up to the maximum of 
phase B maximum interval, as set in percentage of a cycle 
on dial (5), plus the pre-timed settings on dial (10) for 
B VEH CL, (13) for C WALK, (16) for PED CL and 
(15) for VEHINT or the maximum of phase B maximum 
interval plus the pre-timed settings on dial (10) for B 
VEH CL, (14) for INIT and (15) for VEH whichever 
series of intervals is the longer. The percentage maxi 
mum set for B or dials (5a), (5b) and (5c), and for C 
on dials (12a), (12b) and (12c.) would normally be set 
to include time in one cycle, the time being measured 
in percentage of a cycle, somewhat greater than the time 
of this minimum setting. 
The notation “B CALL or C CALL' indicates traffic 

actuation on Street B and/or Street C. 
Since either phase B or phase C may be eliminated 

from a single cycle due to an absence of actuation on the 
phase so eliminated, it is obvious that should phase C be 
eliminated than the ALL-RED (19), if used, or if not 
then used, the AWALK would begin with the termination 
of B VEH CL (10). 

Referring to FIG. 11 in particular, should the elimina 
tion of phase C occur the local controller would then re 
turn to phase A after the termination of the phase BVEH 
CL. This return to phase A would occur early in the 
cycle and the phase A WALK would be longer than 
normal since that time in the cycle that had been allocated 
to phase C now is absorbed by phase AWALK. There 
fore, with such early beginning the A WALK although 
it will terminate at the same percentage point in the local 
cycle (100%) will be lengthened via an early inception 
by the amount of time that could have been allocated to 
phase C of that cycle. 

If the ALL RED period were to be inserted into the 
cycle then such ALL RED period would precede the A 
WALK in the cycle. 
The phase B may be eliminated from a cycle due to an 

absence of a phase B actuation prior to the phase A 
vehicle clearance. Should this occur then the phase C 
would begin early in the cycle. The phase C would then 
begin with the termination of the AVEHCL (3) period. 
This early inception of phase C, in the cycle, may cause 
the phase C green period to be lengthened, if sufficient 
traffic actuations occur during the extendible vehicle in 
terval since the maximum termination of the phase C 
green depends upon the phase C green being illuminated 
up to a certain percentage of the cycle. Therefore if the 
phase C should begin early in the cycle, the length of time 
during which the phase C green may be displayed is in 
creased by the amount of time in the cycle that had been 
allocated to the phase B, had it been displayed while the 
maximum termination percentage point, with respect to 
the zero percent of the local cycle, as set by dial (12a), 
(12b) or (12c.) remains the same. 
Referring in particular to FIG. 12 the "BMAX" for the 

maximum limit of the phase B, set on dial (11) and the 



8,056,946 
65 

"C MAX" for the maximum limit of the phase C, set 
on dial (18) are not percentage set dials but are set-time 
adjustable dials. The cycle illustrated in FIG. 12 is not 
controlled by the master controller but depends upon the 
pre-timed intervals as set by the several dials in the 
parentheses, which dials correpond to the dials similarly 
labeled in the sample dial panel illustrated in FIG. 10. 

It is obvious that either phase B or phase C may be 
eliminated from a single cycle illustrated in FIG. 12 so 
long as there is no call via traffic actuation for that partic 
ular phase. 

If, for example, due to an absence of actuation of 
phase C traffic the phase C were to be eliminated from 
one cycle, although the "A MINIMUM' would begin at 
the termination of the “ALL RED' or, if the “ALL RED" 
were eliminated, at the termination of "B VEH CL,' the 
phase A green period may not now be extended to in 
clude the time of the cycle that would have been used 
for phase C. Here, when a phase is eliminated the cycle 
length is shortened in time since all intervals are pre-timed 
or fixed time intervals and do not depend upon the reach 
ing of a percentage point in one cycle. 
As illustrated in FIG. 12 the B maximum limit as set 

on the dial (11) starts to time at the beginning of the 
B vehicle extension interval (8) and the C maximum 
limit as set on the dial (18) starts to time at the beginning 
of the C vehicle extension interval (15). 

In isolated operation, the length of the cycle is set by 
the synchronous motor RDM of FIG. 4b rather than by 
the master controller. The motor RDM is rotated in a 
constant direction at a constant speed. The maximum 
limit termination of phase B and phase C is controlled by 
the cam arms CMS in FIG. 4b that are rotated by the 
synchronous motor, rather than on a percentage basis of 
one cycle. However since the motor rotates at a con 
stant speed and in a constant direction the elimination of 
phase C, for example, from one cycle has the same effect 
as that described above relative to master control of the 
cycle length. 
With the local controller operating in isolated opera 

tion two or more local controllers may, by local adjust 
ment of the synchronous motor, the associated gearing, 
and the positions of the can arms CMS, be mutually syn 
chronized as the Science of traffic control may demand 
for the traffic so controlled by the several local con 
trollers. 

Several embodiments and connections providing vari 
ous aspects of the invention have been illustrated or de 
scribed, and several modifications have been pointed out, 
but it will be understood that the above description and 
accompanying drawings are merely illustrative, and that 
the invention is capable of use in a variety of forms, and 
it will be obvious to those skilled in the art that various 
further modifications in structural details or in arrange 
ment or character of parts may be made within the spirit 
of the invention. 

i claim: 
1. In a traffic control system having two periodic elec 

trical wave energies, one of which is progressively shift 
ing in phase relation to the other at a slow controlled rate 
to provide phase coincidences periodically at time in 
tervals of the order of a desired traffic signal control cycle, 
a traffic actuated signal controller for controlling a traffic 
signal to provide a traffic signal cycle including at least 
three right of way signal periods respectively for at least 
three mutually interfering traffic movements under con 
trol of the said wave energies and including means for 
deriving further wave energies in predetermined phase re 
lation to the respective first mentioned wave energies, 
means responsive to traffic on at least two of said three 
traffic movements, means responsive to phase coincidence 
of certain of said derived wave energies, one from each 
of the first said two periodic electrical wave energies and 
for controlling the transfer of right of way to whichever 
of said traffic movements has its traffic responsive means 
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actuated by traffic therein, and means responsive to phase 
coincidence of other of said derived wave energies, one 
from each of the said first two periodic electrical wave 
energies for controlling transfer of right of way from the 
respective traffic movements having traffic responsive 
I 1628INS. 

2. In a traffic signal controller for the control of a 
traffic signal for control of right of way between more 
than two mutually interfering traffic lanes, means actuated 
by traffic in at least two of the said lanes respectively, in 
put circuit means for connection to a remotely controlled 
source of periodic electrical wave energy, second input 
means for connection to a second remotely controlled 
source of periodic electric wave energy having a slow 
progressive phase shift with respect to the first mentioned 
wave energy at a controlled time rate, means in said con 
troller connected to said first input circuit means for de 
riving local first wave energy in predetermined phase re 
lation to the first remotely controlled wave energy, means 
in said controller connected to said second input means 
for deriving local second and third and fourth wave en 
ergies in different predetermined phase relation respec 
tively to said second remotely controlled wave energy, 
and means for controlling transfer of right of way to the 
respective lanes in response to a combination of actuation 
of the respective traffic actuated means and selected co 
incidences of the second, third and fourth derived wave 
energies with said first derived wave energy. 

3. A combination as in claim 2, and in which said right 
of way transfer controlling means includes means for con 
trolling transfer of right of way to the lanes of said traffic 
actuated means in succession in response to actuation 
therein and for returning right of way to rest normally 
on a certain one of said traffic lanes in absence of actu 
ation of said traffic actuated means on the others of said 
lanes, means controlled by said coincidences of said first 
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local derived wave energies to control transfer of right of 
way from said one certain lane to a first of said other lanes 
in response to actuation of its associated traffic actuated 
means but to control the transfer of right of way from 
said one certain lane to the next in order of said other 
lanes in response to actuation of the traffic actuated means 
of the latter in absence of actuation of the traffic actuated 
means of said first of said other lanes, and means for set 
ting limits for the transfer of right of way from the re 
spective said other traffic lanes to determine the desired 
percentage distribution of the time cycle of the signal 
among the right of way periods for the several lanes, with 
said limits determined by said coincidences of said third 
and fourth local derived wave energies respectively, with 
the first local derived wave energy. 

4. In a traffic signal controller for operation of a traffic 
signal for more than two mutually interfering lanes in 
response to remotely controlled periodic wave energies, 
one of which is progressively shifting in phase relation to 
the other at a slow controlled time rate to provide phase 
coincidences at time intervals of the order of a desired 
traffic signal cycle, the combination in said controller of 
means for deriving further periodic wave energies in pre 
determined phase relation to the respective first mentioned 
wave energies, and at least two said predetermined phase 
relations being adjustable, cyclic switching means having 
cycle positions through which it is adapted to be operated 
for controlling the usual red, yellow and green signals for 
such control of right of way; means in at least two of said 
lanes, for actuation by traffic; means controlled by said 
cyclic switch means at a particular position for operation 
of said cyclic switch means to its next position for control 
of transfer of right of way to a first of said at least two 
lanes in response to a combination of traffic actuation of 
said traffic actuated means of said first lane and a first 
coincidence of phase of two of said derived wave energies, 
one from each of the first mentioned wave energies; 
means controlled by said cyclic Switch at said particular 
position for operation of said cyclic switch means to a 
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subsequent position for control of transfer of right of way 
to another of said at least two lanes in response to a com 
bination of traffic actuation of said traffic actuated means 
in said another lane and said first coincidence of phase of 
derived wave energies in absence of traffic aciuation in 
said first of said at least two lanes, and means controlled 
by said cyclic switch means at further positions respec 
tively for setting limits in said cycle for transferring right 
of way from the respective said first and said another of 
said at least two traffic lanes in response to respective 
coincidences of two of said derived wave energies in dif 
ferent predetermined phase relations to one of said first 
mentioned wave energies as the latter successively comes 
in to coincidence with the derived wave energy derived 
from the other of said first wave energies. 

5. A combination as in claim 4 and in which a plurality 
of phase adjusting means are provided for and identified 
with each of said at least two lanes for deriving alternately 
selectable derived wave energies in different phase relation 
to the associated one of the original wave energies, and 
means for remote controlled selection between said latter 
adjusting and wave energies deriving means. 

6. A traffic signal controller as in claim 4 and including 
means controlled by the cyclic switch in a further step in 
its cycle for controlling retransfer of right of way from 
the respective said at least two lanes to another by opera 
tion of said cyclic switch from said latter position in 
response to phase coincidence of one of said derived wave 
energies with a third wave energy derived from the corre 
sponding other of first two mentioned wave energies. 

7. A traffic signal controller as in claim 4 and including 
means controlled by the cyclic switch in said further posi 
tions in response to actuation of said traffic actuated means 
for extension of right of way therefor up to a maximum 
limit established by the respective phase coincidence re 
sponsive means for the respective lanes having said traffic 
actuated means. 

8. In a traffic control system for more than two inter 
fering traffic lanes, means for providing two periodic elec 
trical wave energies, one of which is shifting progressively 
in phase relation to the other at a controlled slow time 
rate to provide phase coincidences at time intervals of the 
order of desired traffic signal time cycle, traffic actuated 
means for at least two of said lanes, phase coincidence 
responsive means, means providing such time cycle of 
control for a traffic signal, said last named means includ 
ing means for initiating such control cycle in response to a 
combination of traffic actuation of said traffic actuated 
means in either one of said lanes having such traffic actu 
ated means and operation of said coincidence responsive 
means by such coincidence of said wave energies, and 
means for continuing said control cycle from particular 
respective points therein associated with the respective 
lanes having said traffic actuated means in response to 
further respective coincidences of wave energies at respec 
tive adjustable phase lags of different amounts in relation 
to said first coincidences. 

9. In a traffic control system for an intersection of more 
than two mutually interfering traffic lanes and having a 
local traffic signal controller having a time cycle varied by 
remote control from a master controller in accordance 
with slow progressive phase shift between two periodic 
electrical wave energies providing phase coincidences 
spaced at time intervals of the order of said time cycle, 
said controller including a cyclic Switch having a cycle of 
positions through which it is adapted to be operated in 
cluding positions for operation of a traffic signal to accord 
right of way successively to said lanes, means connected 
with said cyclic switch to cause it to return and remain 
normally in position according right of way to one of said 
lanes in absence of traffic actuation on the others of said 
lanes, means for deriving further wave energy from and 
in predetermined desired phase relation to one of the first 
mentioned wave energies, means for deriving several addi 
tional wave energies in individually adjustable phase rela 
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tion to the other of said first mentioned wave energies, 
means including connections to said cyclic switch to ren 
der Said additional wave energies effective in succession 
in different positions of the cyclic switch to establish de 
sired percentage points in relation to said remotely con 
trolled time cycle for control of advancement of said 
cyclic switch in its cycle of positions by Successive phase 
coincidences between the first derived wave energy and 
the other derived wave energies, said last named means 
including means employing one of the last named suc 
cessive phase coincidences at one such percentage point 
for operating said cyclic switch out of its said normal posi 
tion and to a Subsequent position to transfer right of way 
to a second of said lanes in response to traffic actuation 
therein and to transfer right of way to a third of said lanes 
in response to traffic actuation in said third lane and ab 
sence of traffic actuation on said second lane, and said 
last named means including means employing others of 
said last named successive phase coincidences at others of 
said percentage points for establishing limits for the trans 
fer of right of way from said second lane to said third 
lane in response to traffic actuation in the said third lane, 
and from said second lane to said one lane in absence of 
traffic actuation on said third lane, and from said third 
lane to said one lane. 

10. A combination as in claim 9, and means controlled 
in certain positions of said cyclic switch for providing 
alternative short minimum periods of such accord of right 
of way in response to vehicle traffic actuation and longer 
minimum periods of accord of right of way in response 
to pedestrian traffic actuation alone or in response to 
pedestrian and vehicle actuation, each such minimum pe 
riod being individually adjustable for the respective lanes. 

11. In a traffic signal controller for control of right of 
way for more than two mutually interfering traffic lanes 
in accordance with a variable time cycle provided by re 
motely controlled periodic electrical wave energies one of 
which is shifting slowly and progressively in phase with 
respect to the other to provide phase coincidences period 
ically at variable time periods of the order of the desired 
variable time cycle, means including an adjustable element 
for deriving a local reference wave energy from one of the 
first mentioned wave energies and in predetermined phase 
relation thereto dependent on the position of said adjust 
able element, means for deriving a plurality of other local 
wave energies in individually adjustable phase relation to 
said first wave energies, remotely controlled means for 
selecting among said plurality of other local wave ener 
gies for phase comparison with said local reference wave 
energy, and means for slowly and progressively shifting 
said adjustable element in the shortest phase direction at a 
rate of more than one such time cycle to traverse a phase 
angle of less tham 180 degrees to match the phase of the 
phase relation of the latest selected of said plurality of 
other local wave energies, and means for deriving a plu 
rality of further local wave energies in individually deter 
mined phase relation to the other of said first mentioned 
wave energies, means for remotely controlled selection 
among said further local wave energies of certain of the 
latter derived wave energies for phase comparison with 
the said local reference wave energy, and means including 
a cyclic switch having a multiplicity of positions for effec 
tively connecting in different positions for such last men 
tioned phase comparisons the selected further local wave 
energies, traffic actuated means for certain of the lanes 
and means for responding to coincidences of the said 
selected further wave energies with said local reference 
wave energy to control the advancement of said cyclic 
switch in certain of its positions to control the operation 
of said controller to accord right of way to and from cer 
tain of the successive lanes in response to traffic actuation 
of the traffic actuated means to provide desired percentage 
points in said time cycle for control of transfer of right 
of way from lane to lane in succession by successive com 
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binations of selected phase coincidences and traffic actu 
ation. 

12. A traffic control systein for more than two mutually 
interfering traffic lanes comprising signal means for said 
more than two traffic lanes and operable for according 
and interrupting right of way to the respective lanes, 
traffic actuated means individual to at least two of said 
lanes for actuation by traffic in the respective associated 
lane, means for operating said signal means for normally 
according right of way to one of said more than two lanes 
in absence of actuation of the traffic actuated means for 
any of the other of said lanes and for according right of 
way to either one alone of said other lanes and to the first 
mentioned said one lane in sequence in response to traffic 
actuation of the traffic actuated means for said either one 
alone of said other lanes and for according right of way 
respectively in sequence to the respective actuated of said 
other lanes and to said first mentioned one lane in re 
sponse to traffic actuation on more than one of said other 
lanes, said signal operating means including means for 
maintaining accord of right of way to any actuated lane 
for a time period variable between minimum and maxi 
mum limits in accordance with traffic actuation of the 
traffic actuated means of said actuated lane, means for 
providing a remotely controlled master time cycle variable 
in time length, means for deriving from said master time 
cycle a locally adjustably offset time cycle of time length 
varied by said master time cycle, a plurality of individ 
ually adjustable means for setting individual different per 
centage points in said locally offset time cycle for the 
respective lanes having traffic actuated means provided 
therefor, and said signal operating means also including 
means controlled by said respective percentage point Set 
ting means for controlling said respective maximum limits 
at said respective percentage points in desired relation to 
said locally offset variable time cycle. 

13. A traffic control system as in claim 12 and said 
percentage point setting means including a plurality of 
alternative adjustable means for setting certain of said 
percentage points for control of said maximum limits, and 
means for remotely controlled selection among said plul 
rality of adjustable means for said control of said maxi 
mum limits for remote control of the percentage distribu 
tion of the time cycle. 

14. A traffic control system as in claim 12, and said 
offset cycle deriving means including means for adjust 
ably setting a zero point for said locally offset time cycle 
in desired percentage relation to said master time cycle 
and means controlled by the last named point setting 
means and by said traffic actuated means for controlling 
the transfer of accord of right of way from said first men 
tioned one lane to the actuated lane by said signal operat 
ing means. 

15. In a traffic signal controller for more than two 
mutually interfering traffic lanes for providing a signal 
control cycle including more than two right of way pe 
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riods for the several lanes and such cycle having a total 
length variable in accordance with a remotely controlled 
time cycle, means individual to at least two of said lanes 
for actuation by vehicle traffic therein, means individual 
to at least said two of said lanes for actuation by pedes 
trian traffic therein, means for according vehicle right of 
way for a minimum period and extendible beyond said 
minimum for the respective lanes of said at least two lanes 
in response to actuation of the vehicle actuated means in 
said respective lanes, a plurality of individually adjustable 
means for each lane of said respective lanes for setting 
selectable alternative maximum limits to such extension 
of right of way in each of said respective lanes at desired 
selectable percentage points in said remotely controlled 
time cycle, a plurality of individually adjustable means 
for each lane of said respective lanes for setting selectable 
alternative pedestrian walk periods associated with the 
respective right of way periods, and remotely controlled 
means for selecting one set at a time of said maximum 
limit setting means and said walk period setting means 
for said respective lanes for remote control of the distribu 
tion of the maximum right of way periods and associated 
walk periods in said remotely controlled time cycle. 

16. In a traffic signal controller for more than two 
mutually interfering traffic lanes for providing a signal 
control cycle including more than two right of way periods 
for the several lanes and such cycle having a total length 
variable in accordance with a remotely controlled time 
cycle, means individual to at least two of said lanes for 
actuation by vehicle traffic therein, means individual to at 
least said two of said lanes for actuation by pedestrian 
traffic therein, means individual to the said respective 
lanes for according a minimum and extendible right of 
way period to the said respective lanes including an indi 
vidually adjustable vehicle initial part and an individually 
adjustable vehicle extendible part extendible beyond said 
minimum in response to actuation of the vehicle actuated 
means in the respective lanes, and means individual to the 
said respective lanes for according a minimum and ex 
tendible period for said right of way including said vehicle 
extendible part and an added adjustable pedestrian walk 
period part and a pedestrian clearance period part in re 
sponse to actuation of the pedestrian actuated means in 
the respective lanes, in substitution for the minimum pe 
riod including said vehicle initial part and vehicle extend 
ible part. 
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